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ABSTRACT
Raw and processed Blue crab meat were Investigated to determine 
the Influence of processing temperature on the distribution of water 
soluble and salt soluble proteins, using sodium dodecyl sulfate 
polyacrylamide gel electrophoresis in conjunction with 
photodensitometry.
Analysis of the raw crabmeat protein showed 30 water soluble and 
45 salt soluble protein subunits. Salt soluble proteins were composed 
of subunits whose molecular weights were much more variable than the 
water soluble protein subunits. Salt soluble proteins were found to 
have molecular weights of 12,000-160,000 daltons, whereas the water 
soluble subunits were of molecular weights 12,000-130,000 daltons.
There were significant differences (P<0.001) in the changes 
between the number of bands present in the raw crabmeat and the number 
retained after processing at 100°C; however, the level of significance 
was only changed to (P<0.05) when raw crabmeat was compared to crabmeat 
processed at 121°C in steam.
Salt soluble proteins were more heat labile than the water soluble 
proteins. At 70°C, the total level of salt soluble protein was reduced 
57% compared to the levels in raw meat, whereas, the water soluble 
proteins were reduced only 13%.
Processing temperatures were found to significantly influence 
(P<0.05) the pH of the processed meat as well as the water in which the 
crabs were processed. Correlation coefficients of r= 0.7604 and r= 
-0.6401 were found between changes in pH and basic and acidic groups.
x
These coefficients were significant at (P<0.05).
Analysis of Blue crab hemolymph for copper revealed the copper 
content to be approximately eight times greater than quantities found 
in the meat. Nine proteins were found in the hemolymph with 3 of the 
proteins being complexed with copper (hemocyanins). The hemocyanins 
had molecular weights of 58,000, 71,000 and 95,000 daltons. The
subunit with a molecular weight of 58,000 daltons contained 
approximately 65% of the total copper in the hemolymph.
xi
INTRODUCTION
Unlike bovine and fish muscle, the literature on the protein 
chemistry of Blue crabs (Callinectes sapidus) is almost non-existent. 
This has resulted in problems for the researcher involved with new 
advances in the processing of Blue crabs. The recent marketing of a 
machine for the picking of Blue crab meat has emphasized the 
importance of the need for extensive studies in Blue crab protein 
chemistry.
The introduction of mechanical pickers into Blue crab plants is 
important from the standpoint of reducing microbiological problems and 
increasing production efficiency over the traditional hand-picking 
processes. However, because of lower flavor scores in the 
mechanically extracted meat, there is reluctance to its use.
In using the mechanical picker, modifications of traditional 
cooking processes are required. These modifications include lower 
temperatures and shorter cooking time. Recent work has shown that 
these times and temperatures allow for significant reduction in 
nitrogen and protein components as well as sensory quality.
The objectives of this study were to separate, detect and 
characterize the proteins in Blue crabs lost during processing and to 
study and describe the mechanisms involved.
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CRABS - TAXONOMY, COMMERCIAL AND HISTORIAL PERSPECTIVES
While the phylum Arthropods encompasses a wide range of animals 
with varying economic potential, the Blue crab (Callinectes sapidus) 
is undoubtedly, one of the most Important members of the group in 
terms of volume harvested and monetary worth. Table 1 shows landings 
of the commercially important species of crab in the U.S.A. during the 
early 1970's (133).
Volume of crabs harvested in specified years (Million of Kg)
Year King crab Snow crab Dungeness crab Blue crab
1970 23.6 6.6 26.5 65.9
1971 31.9 5.7 19.3 65.7
1972 33.5 13.1 12.2 65.9
1973 34.4 27.7 5.5 61.1
The Blue crab remained consistently higher in volume harvested than 
any other species, although the King crab has shown consistent 
increase in volume harvested between 1970 and 1973.
Historically, the main use of crabs has been for human 
consumption. Methods of preparation include boiled, toasted, curried 
with salad and mayonnaise, hot with pepper, cracked from their shells 
or eaten whole just after moulting. Among the most common species of 
crabs used as food are: Mangrove crab (Goniopsis cruentata), Snow
crab (Chionectes baindi), King crab (Paralithodes camtschatica), Red 
crab (Portunus pelagicus), Indian crab (Scylla serrata), Sand crab 
(Platyonichus ocillatus), Jonah crab (Cancer borealis), Queen crab
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(Chuinoectes oplllo), Dungeness crab (Cancer maglster), Spider crab 
(Maja segunado), Chinese crab (Eriocheia Simensis), and Blue crab 
(Callinectes sapidus).
Commercial and technological developments of the Blue crab 
industry occurred much later in time than other seafood industries 
(36). Even though ice-salt systems were used to freeze foods in the 
mid 1800's, and patents for freezing fish were granted in 1861 to 
Enoch Piper in Maine, and earlier to H. Benjamin in England in 1842, 
it was not until the late 1800's that any significant exploitation of 
the systems were applied to Blue crabs. Finally, the 1900's saw the 
successful implementation of these systems (36,131).
The most widely used commercial methods of catching crabs are 
traps, nets, pots, trawls, scrapes and dredges, with trapping and 
netting being most commonly used. Trapping methods involve placing a 
bait in the pot or trap which is lowered into the water and left for 
up to 3 days. The baited traps are attached by a rope to a buoy on 
the surface. Crabs are attracted by the smell of the bait and enter 
the pot through one of several entrance tunnels. These tunnels are so 
constructed as to make it difficult for the crabs to exit once they 
enter. The size of the pots will vary and are determined by the size 
of the crabs being caught. For example, Alaskan King crab, which may 
reach one meter or more in leg span are caught in pots 2 meters square 
and 0.75 meters deep (126). It is agreed that the importance of the 
use of nets is secondary to pots, and nets are much more varied in 
their form (133).
Blue crabs, in addition to being caught in pots, are captured by 
trawling. This type of fishing is impossible in rocky areas and
4
therefore unsuitable for most other species of crab. Blue crabs 
however, swim up estuaries, the bottoms of which present few obstacles 
to the trawls. The use of tickler chains with trawls usually Increase 
the catch. The chains function by dragging immediately in front of 
the net and disturb the crabs from the bottom so that they are caught 
in the trailing net.
Tangle netting is a very common method used by the Japanese and 
Russians to catch King crabs and Snow crabs (133). A typical Tangle 
net might be 46 meters long, 2.5 meters high, weighted and buoyed such 
that it forms a wall of netting resting on the sea-bed. The spiney 
long-legged King and Snow crabs get entangled in the nets as they try 
to move past them. It has been noted that best catches of King and 
Snow crabs are recorded during the annual breeding migration when the 
crabs move from deep to shallower water.
Another method of fishing for crabs is the use of lift nets. 
This method is found throughout the world and consists of lowering 
baited, bowl or dish shaped nets into the water. It is then watched 
and raised immediately after the crab enters. Although used mainly
for other species, Blue crabs are sometimes caught in this manner 
(133).
Perhaps the most interesting method of catching crabs is 
practiced in Trinidad during catching the large Mangrove crabs. These 
crabs live in foul water logged burrows and come up periodically to 
breathe air. The fisherman's method is to make air-breathing 
impossible by blocking the mouth of the burrow with a clump of mud. 
After an hour or two, the fisherman returns, removes the clump and 





Generally, biochemists classify proteins into two classes on the 
basis of their physical characteristics (24,89,140); however, muscle 
proteins Including those of fish are usually classified exclusively on 
the basis of their solubility and histological characteristics (82). 
It must be noted that the exact classification scheme is usually 
determined by the author and, as such, specific proteins may be placed 
in different groups by different authors.
The proteins of the first solubility group are referred to as 
sarcoplasmic proteins or Myogen (24,25,68). These proteins comprise 
the bulk of the enzymes in the muscle (although recent studies show 
that some sarcoplasmic proteins have no enzyme function (55). Their 
contributions to total protein content vary among authors. Connell 
(25) and Hamoir (55) reported that sarcoplasmic proteins do not exceed 
30% of the total. In general, the properties of fish sarcoplasmic 
proteins resemble those of meat sarcoplasm. Thus, they are soluble in 
water or dilute buffers (84).
Studies relating only to the physical properties (118) revealed 
that one of the features of fish sarcoplasmic proteins is the 
occurrence of fairly large amounts of material having a low 
sedimentation coefficient. This indicates that the average molecular 
weights of fish proteins Is lower than in mammalian sarcoplasm.
The amounts of the colored sarcoplasmic proteins, myoglobin and
6
cytochrome C vary widely among species but the concentration in fish 
musculature never approaches the content in meat. Hamoir (55) has 
substantiated this theory with research indicating that while flesh of 
many fish species contains little or no sarcoplasmic protein, some 
fish products prepared from species having darker colored flesh are 
sometimes troubled by discoloration problems, for example, the 
greening of canned tuna. This phenomenon is presumed to be associated 
with chemical changes in the colored sarcoplasmic proteins.
The proteins of the second solubility group are called 
myofibrillar proteins. These proteins are soluble in ionic strength 
solutions greater than 0.3, and are located primarily in the 
myofibrils. As such, the textural qualities associated with muscle 
such as its fibrousness, plasticity and gel forming ability are 
functions of the fibrous properties of the myofibrillar proteins (38).
According to Hamoir (54) the proportion of myofibrillar protein 
in whole muscle protein (65-75%) is characteristically higher in fish 
than in red meat, though the same types of proteins are present. The 
three principal myoplasmic proteins, myosin, actin and tropomysin have 
been isolated from various fish species. Most scientists contend that 
tropomysin exists in small amounts (3%) and have no technological 
significance (24).
The third group of proteins are classified as stroma or insoluble 
proteins. They are found primarily in the connective tissues. 
Although of some relevance to texture, very little is documented as to 
the nature of fish muscle connective tissue proteins.
Several authors (24,38,54,82,83,84,118) have agreed that the 
primary reasons for the classification of fish proteins are due to
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their technological importance; categorized as follows: (1)
Processing of fish present certain difficulties that originate with 
the instability of the proteins; (2) with most present day fishing 
methods, pre-treatment of the live animals is Impossible; (3) post 
rigor biochemical events in fish muscle are significantly different 
from those occurring in warm blooded animals. Additionally other 
workers (24) agreed that the technological importance of fish muscle 
proteins determine to a large extent physical properties and textural 
eating qualities. These proteins function as enzymes which influence 
flavor, odor, color and texture; the proteins with a heme prosthetic 
group may also act as pro-oxidants.
(b) Composition:
Literature on the protein content and composition of different 
types of seafood is very inconsistent. There are, however, more 
consistent values for the protein content and composition of fish than 
of crabs. Several authors agree that factors other than species might 
explain the inconsistencies. The primary factors identified are 
physiological, environmental and preparation and extraction 
procedures.
Data reported by Shewan (115) indicated that the protein nitrogen 
content of fish varies from 2,10 to 2.96% of the fresh muscle weight. 
Other reports (107) suggest the range to be between 2.3-2.6%.
The protein content of crabmeat recorded in the literature showed 
significant variation and is probably explained by one or more of the 
above mentioned factors. Proximate analysis of the Blue crab recorded 
by several researchers (17,54,61) listed an average protein content of
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10-20%, minerals 1-3%, lipids 1-3% and traces of carbohydrate. 
Protein values for other economically important crab species are; 
18.8% for Snow crab (Chionoectes baindi), (71), 16.2% for Jonah crab 
(Cancer borealis) and 15% for Red crab (Geryon quinquedens).
(c) Extractability:
Although protein solubility groups are firmly established and 
based on extraction criteria, there is still a great divergence of 
opinion on the reasons for the inconsistencies in the amount of 
protein capable of being extracted from fish muscle.
Extensive research have been conducted by several authors 
(38,99,132) on the relationship between the development of rigor and 
protein extractability. These authors have advanced the concepts of 
drastic reduction in extractability during rigor. In contrast, Love 
(82) and Partmann (99) have documented the reverse. A third point of 
view has been advanced by Moonjavi et al. (94) and Van der Broeke 
(132) who agree that there is little or no change in protein 
extractability during rigor.
An analysis of the variations among these authors led Connell
(24) to the conclusion that variations in extractability have their 
origin in such factors as different experimental techniques, different 
opinions about what constitutes rigor and difficulties in comparing 
rigor in different species.
Qualifications of the suggestions of Connell were made by other 
authors (8,92,94,99,132) who contend that the yield and nature of the 
constituents obtained from fish muscle extracted with moderate ionic 
strength solutions depends on the physiological state of the muscle,
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pH, nature of the salt solution and degree of comminution of the
tissue.
The choice of solvent has been reported to significantly affect 
the amount of myofibrillar protein extracted from a given muscle (24). 
A practical illustration of this phenomenon is the fact that potassium 
iodide is an effective extractant, however, there are unexplained 
alterations in the proteins when it is used (121). Besides 
differences in the quantity of extractable protein and choice of 
extractants, there is evidence of differences in the general 
properties of the extracts (118). Dyer and Dingle have substantiated 
this idea with research proving that extracts of total proteins made 
by blending fish muscle with KCl or NaCl at y = 0.6-0.9 and pH 7.0-7.5 
are turbid and exhibit high non-Newtonian viscosity.
The above conclusion of Dyer and Dingle (38) instigated further 
study by other workers. Foremost was the work of Ellis and Winchester 
(40). These researchers conducted ultracentrifugal analysis of the
total protein extracts of cod muscle with u = 0.6 and pH 7.0. These
researchers found 5 constituents that were distinguishable. It is 
also reported in this particular study that the sedimentation constant 
was dependent upon protein concentration, ranging from 15S at moderate 
concentration to 60S when extrapolated to zero. Other studies have 
shown that when the ionic strength of the extract was raised to 
li = 1.2 or higher, there was an irreversible change in
ultracentrifugal pattern (86). The extracts of high concentration
reportedly decreased (86). Conversely, those components of originally 
low concentration increased. Furthermore, dilution of the extracts to 
p = 0.06 revealed an ultracentrifugal pattern similar to that of the
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whole extract (15). There are also reports of an Increased tendency 
of the peaks to spread, which is thought to be caused by an Increase 
In the heterogenlty of the constituents (15).
Freezing Is another of the factors known to accentuate protein 
inextractability in fish. Both the rate and duration of freezing have 
been shown to be important factors (118). In this regard, Connell
(25) examined the effect of temperature on protein extractability. In 
the stully, he showed that below -5°C the rates at which fish toughens 
and the myofibrillar protein in it becomes inextractable, decline 
markedly. Other workers (38,88) have reported similar findings with 
different species of fish.
Research with haddock showed that frozen storage resulted in 
large decreases in extractable protein (81). The effects of frozen 
temperatures are most prominent at -28C - -6°C; the zone of maximum 
ice-crystal formation. There is close agreement between Reay (107) 
and Connell (24) that freezing temperatures generally enhance protein 
inextractability. However, Reay's (107) discussion centered primarily 
on total extractable protein and rate of freezing. Connell's (24) 
information contained more specificity in terms of type of proteins 
rendered inextractable. Although these authors have established the 
effect of freezing on proteins extractability, there is no explanation 
of actual mechanisms Involved. In this regard, other authors 
(118,107) have attempted to explain pertinent mechanisms involved.
One theory commonly advanced to explain the phenomenon of reduced 
extractability is that of aggregation (15). Lowey and Heltzer (86) 
demonstrated that the spontaneous aggregation of rabbit myosin is a 
step-wise process. This process is evident when molecules attach to
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themselves side-to-side and form at least octatners. The rate of
aggregation was demonstrated to increase with a rise in temperature
and was about 10 times higher at 25°C than at 4°C (15). The opposite 
view in relation to temperature is expressed by Connell (27). He 
found that the molecules of cod myosin in solution aggregate upon
standing, and aggregation is especially rapid when the tissue is 
frozen. Buttkus (15,16) supported this hypothesis with
ultracentrifugal analysis and electrophotographic studies on trout. 
He reported that dimers, trimers and high molecular weight polymers 
were formed by side-to-side attachment when trout is frozen.
Water crystallization is used to explain the relationship between 
freezing and protein aggregation: In cod, approximately 75.6% of the
water is completely crystallized at -5°C and 89% at -20°C (27). Such 
high degree of crystallization enhances the formation of aggregates, 
ultimately reducing extractability. The size and distribution of ice 
crystals formed are not only directly related to the rate of freezing, 
but also on the condition of the muscle prior to freezing (118). This 
is in opposition to Kuntz and Kauzman (70) who suggested that 
crystallization takes place intracellularly in pre-rigor muscle 
independent of the rate of chilling.
Love (84) adopted a broader perspective on the theory of freezing 
than the above authors. He suggested that the amount of ice in stored 
fish also depends upon the initial temperature to which the muscle was 
frozen. There is reportedly, a larger amount of crystallization when 
fish is frozen initially to a temperature much below the storage 
temperature (66). The overall effects have been established to be; 
decrease in the amount of liquid water available to the proteins,
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increase in the concentration of tissue salts, as well as the
mechanical damage to muscle structures caused by ice-crystals. These 
effects induced denaturation and inextractability of the protein.
Lewin (79) proposed the concept of deconformation and
conformation as factors to explain the relationship between
temperature and protein extractability. He suggested that the driving 
force for the deconformation and conformation reactions in biopolymers 
originates with changes in the degree of randomness of the water 
molecules in the environment. As such, a fully denatured and hydrated 
protein in a state of random coil, is characterized by a high entropy 
value. However, the entropy of the unfrozen surrounding water is 
lower because of the ordering of its molecules induced by hydration of 
all polar groups. This phenomenon will facilitate the enhancement of
a highly organized water structure adjacent to the extended 
hydrophobic side chains which are no longer adhering to each other as 
illustrated:
a-helix + H^O^— - hydrated random coll
Further evidences are given inferring that a change towards the 
formation of a - helix or 8 - conformation brings about a significant 
decrease of entropy of the protein (79), and this change reduces 
extractability. The process can be spontaneous only if it is coupled 
to an overriding increase of entropy of water molecules released in 
the course of formation of hydrophobic adherences, H-bonds, and ionic 
interactions (79). The rupture of the surrounding water structures 




support the native conformation of various proteins. Fragments so 
affected, might be denatured and in-extractable (79).
Some authors have shown the presence of un-esterified fatty acids 
and lipids in the tissue of marine animals to affect protein 
extractability (5,38) These authors observed that free fatty acid 
(FFA) formation preceded the loss of extractability of myofibrillar 
proteins and that the latter was more rapid in lean species such as 
cod, than those containing higher fat levels. The mechanism involved 
suggests that the stabilizing effects of lipids on proteins in 
lipo-protein complexes. Hydrolysis of the lipid will result in 
destabilization of the complex.
Other authors (5,38) reported that small quantities of fatty 
acids or soaps were able to insolubilize myofibrillar proteins where 
the time of interaction was great. No mention was made of the 
relationship of lipids to other protein solubility groups.
Buttkus (15) concluded that calcium and magnesium ions, because 
of their ability to form ionic cross-linkages between polypeptide 
chains, were also involved in changes of protein conformation. 
According to Snow (121), calcium ions, enhance the polymerization of 
G-action to F-action and by so doing favor protein-lipid interactions. 
Such interactions resulted in a significant reduction of solubility 
and extractability.
Sodium and calcium chloride may also be involved in protein 
changes by activating the hydrolysis of lipids (5). It is also agreed 
(79) that inorganic salts may interfere with the formation of 
lipid-protein complexes, which react with nitrogen and oxygen 
functional groups of proteins. This can induce lipid oxidation,
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resulting in changes in protein solubility.
Most authors (25,79,118) agree that in frozen fish, inorganic 
salts affect proteins by: Depressing the freezing point of tissue
fluids, causing dehydration affecting the interfacial tension and by 
ionic interaction with charged groups of the side chains.
Lewin (79) suggested that ions have the characteristic ability to 
hydrate and interfere with water structures. As such, various salts 
at different concentrations exert specific influences on the 
conformation of proteins. At comparatively low ionic strengths (118) 
about 0.5 to 1, many salts exhibit a solubilizing effect by
association with ionic linkages of the protein. The result is the 
rupturing of the bonds, and enforcing hydration of the newly
established associations. Lewin (79) noted that at higher ionic 
concentrations, the competition of inorganic salts for water may
result in a salting out effect. At these concentrations, the number
of hydrophylic groups associated with water that effect the solubility 
of the macromolecules can be reduced. At this point, the amount of 
water at the disposal of the protein may be decreased below the 
saturation point. Alternatively, at higher concentrations (above 1M) 
most inorganic salts cause a proportional increase in the surface 
tension of the solution. The result will be an enhancement of 
hydrophobic adherences, conformation, intramolecular bonds or 
aggregation and reduced extractability (88).
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Blue Crab Processing - Associated problems.
(a) General:
The technology used In the processing of Blue crab has remained 
fairly static over the years. As such, the dynamics of present day 
technology will be a welcome addition to the industry in its present 
format. Due to a lack of implementation of new technology to the 
industry at large, most processing plants are labor intensive and 
sometimes inefficient. The possibility of poor microbiological 
quality of products could be a lingering nemesis if steps are not 
taken to institute new technology in the industry (35,131).
(b) Qualitative Changes in Flavor, Nitrogen and Protein:
Extensive research has not been directed towards the outstanding 
problems associated with the mechanical processing of Blue crabs. 
Some authors (17,57,61) have attempted to look at some of the problems 
and have documented significant findings.
Callahan (17) studied flavor differences of mechanically 
extracted and hand-picked crab meats. This work has particular 
significance, since the Blue crab industry hand-picked a significant 
portion of the produced meat. The introduction of a mechanical picker 
would be significant, especially from the standpoints of better 
microbiological quality, reduced labor cost and increased efficiency 
as demonstrated by Tinker et al. (125). In her work, Callahan (17) 
showed that there are significant flavor and compositional differences 
between hand picked and mechanically extracted Blue crab meat. The 
hand picked meats were scored better in flavor qualities than the 
mechanically extracted.
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These results are in agreement from a compositional standpoint 
with previous work done on Blue crabs by Hanover (57). All these 
authors have agreed that, in general, processing depletes the nitrogen 
and protein content. However, none of the authors have attempted to 
characterize the protein losses described in their text.
Protein and nitrogen losses during processing of Blue crabs have 
been reported (61,56,57). Hanover used processing temperatures of 
100°C and 121°C to monitor the effect of temperature on protein and 
cook loss fluid. This study indicated that the 121°C cooking 
temperature resulted in a greater volume of cook loss fluid which 
contained a greater amount of protein. This work also revealed that 
rinsing samples of fresh picked crab meat with tap water resulted in 
protein losses of 15.2% for the 100°C cook 12.6% for the 121°C.
In other rinsing studies, Hendry (61) concluded that nitrogen 
lost during rinsing is a function of rinsing time and amount of water 
used during rinsing. It was shown that 10-15 minutes rinse resulted 
in loss of 1/3 of the total nitrogen of the meat.
(c) Waste Disposal
Another outstanding problem in the processing of Blue crab is 
that of waste disposal. Very little research has been done in this 
regard, and especially in characterizing the waste. The magnitude of 
this problem is evident when one appreciates that approximately 80-85% 
of the whole crab is not used for human consumption. This percentage 
is emphasized by the fact that losses from Blue crab processing can be 
generated during washing, rinsing, cooking, meat extraction and 
sometimes cooling processes (57).
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Chemical analyses of the liquid wastes from processing plants 
performed by Hanover (56), showed that biological oxygen demand (BOD), 
chemical oxygen demand (COD) and total organic carbon (TOC) values
were all higher in fluids obtained from 100°C cooking that 121°C. 
These results contradict an earlier report by the same author. In 
that particular report (56), he mentioned that protein losses were
higher in the 121°C cook than in the 100°C. Against the same 
variables, one should expect BOD, COD and TOC values to be higher in 
the cooking loss which contained the higher proportion of protein,
(d) Discoloration:
Discoloration in processed crab meat is one of the few problems
widely studied. There is however, great contrast in opinions as to
the real causes and mechanisms involved in discoloration. It must be 
pointed out that "blueing" is the generally accepted description of 
the discoloration associated with heat processing, even though the 
actual color may range from light blue to blue gray and black (7).
Based on the interpretation of Jarvis (67), blue discoloration is 
a greater problem in meat of Callinectes sapidus than other species. 
The general belief exists among scientists that blue-discoloration is 
caused by some constituents in crab blood (14). Discoloration is said 
to be reduced by bleeding crabs before processing (39). There are 
reports that other decapod crustacea with similar blood are also 
subject to a similar form of discoloration. Lobster (14,35,39) and 
shrimp (14,67) are examples.
There is no unanimity among scientists as to the specific blood 
constituents and reaction mechanisms involved in blue discoloration.
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Proposed mechanisms fall into five groups, which according to Boon, 
are not mutually exclusive: formation of (1) Iron compounds,
(2) copper compounds, (3) melanin, (4) hemocyanin compounds, and 
(5) copper protein or biuret complexes.
The biuret complex appears to be the predominant mechanism 
Involved in blue discoloration; and even though the specific 
structural configuration is not listed, it is assumed here that it 
follows the general biuret complex as described by Clark and Switzer 
(21).
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Discoloration intensity is reported to be directly correlated 
with copper concentration as was found by Elliott and Harvey in 
Dungeness crab and Babbitt, et al (39) in King crab. Copper is 
further implicated, because the discoloration reaction is Inhibited by 
chemicals which react with copper, such as phenylthiourea (7) and 
cyanide (35).
Another suggested mechanism for the blueing in crab meat is the 
oxidation of phenolic compounds such as tyrosine, to form melanin. 
Fellens and Parks (43) suggested that this reaction is accelerated by 
enzymes such as tyrosinase. This idea is not supported by Jarvis (67) 
who rejected the idea after adding tyrosinase to meat of the King crab 
and finding a dark discoloration "much different from the color of 
blue meat." It is also worthy of mention that there is a literature 
report suggesting that tyrosinase and other enzyme systems may remain 
active after heating processing (7).
Electrophoresis - Application to the Study of Bovine and Fishery
Products
The chemical parameters of mammalian muscles have been well 
documented (32,53,72). Several of these studies have emphasized the 
changes of the structural protein undergoing several different cooking 
parameters using gel electrophoresis. Laakkonen and his co-workers 
(72) Investigated the influence of low temperature long time heating 
on the electrophretic patterns of bovine muscle proteins and showed 
that the greatest change in the water soluble proteins and tenderness 
occurred at temperatures which denature slow migratory proteins.
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Caldlroni and Laakkonen (18,72) Investigated the effect of 
temperature on the electrophoretic patterns of bovine semltendlnous 
muscle and heme-proteins soluble In low Ionic strength buffers. They 
concluded that the changes In solubilities of the proteins were 
functionally dependent upon temperatures.
The application of electrophoresis to the study of fishery 
products, and specifically fish, emphasized different parameters than 
did studies pertaining to bovine proteins. Starch gel and 
polyacrylamide gels were primarily emphasized in these studies. 
Whereas studies on bovine muscles dealt mostly with monitoring thermal 
processes, those on fish almost exclusively emphasized species 
identification. It is recognized by researchers using electrophoresis 
to identify species that changes in electrophoretic patterns sometimes 
differ among species subjected to similar treatments. In this regard 
Nair (97) based his studies on using gel electrophoresis and concluded 
that ice storage had no effect on the electrophoretic patterns of the 
protein from different species of fish. Alvarez (3) in similar 
studies reported that disc electrophoretic patterns of Hake and Trout 
did not change upon freezing, while under similar conditions, Blue 
whiting exhibited dramatic changes. Mackie (88) used disc 
electrophoresis to study the water soluble protein fraction of some 
fish species, but found that the procedure gave inconsistent results 
when applied to canned fish. The particular procedure involved 
treatment of the extract with urea to break the hydrophobic and 
hydrogen bonds formed during heating. Amr (4) used sodium dodecyl 
sulfate polyacrylamide gel electrophoresis (SDS-PAGE) in the study of 
crawfish proteins. In this particular study, the author reported that
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there were four proteins in the water soluble extract, with molecular 
weights ranging from 20,000-50,000.
Unlike bovine and fish muscle, the literature on the protein 
chemistry of Blue crabs (Callinectes sapidus) is almost non-existent. 
This has resulted in problems for the researcher involved with new 
advances in the processing of Blue crabs. The recent marketing of a 
machine for the picking of Blue crab meat has emphasized the 
importance of the need for extensive studies in Blue crab protein 
chemistry.
In using the mechanical extractor, modifications of traditional 
cooking processes are required (125,126). These modifications include 
lower temperatures and shorter cooking times. Recent work has shown 
that these times and temperatures allow for extensive losses in 
nitrogen and protein components as well as sensory quality (17,61).
There is no work in the literature which attempts to separate, 
detect and characterize the protein of Blue crab crabs during 




Live Blue crabs (Callinectes sapidus) were obtained from a local 
wholesale distributor. Animals used In all analyses were kept alive 
until time of analysis. To facilitate safe yandling, crabs were 
temporarily Immobilized by placing in a refrigerated cooler overnight. 
Each sample used throughout the study represented meat or hemolymph 
from six animals and was mixed to ensure sample homogenity.
Chemicals
Reagent grade chemicals were used for all determinations. Water 
used in this study was distilled and deionized unless otherwise noted.
Processing
Two processing regimes were employed throughout the study. In 
the first, crabs were cleaned of all debris and processed in water at 
temperatures ranging from 70-100°C at 5°C intervals for 5 and 10 
minutes. Processing entailed heating the samples in a double boiler 
monitored by a calibrated glass thermometer. Process timing was 
started when the bath containing the sample attained its specified 
processing temperature. Immediately after processing; using the above 
systems, crabs were eviscerated and the meat extracted (from the body, 
septum and claws). Total extracted meat was used for subsequent 
analyses.
The second processing regime entailed processing in steam, for 5 
and 10 minutes. Processing was done using a Dixie retort (model
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ROTI-3) equipped with pneumatic Instrumentation, mercury in glass 
thermometer and strip recorder for venting and precise temperature 
control. Crabs to be processed in steam were cleaned of debris and 
placed in a metal basket for retorting. Standard retort procedures 
were followed for all processing, which Included venting the retort to 
a temperature of 220°F. The vents were then closed and 'process 
timing' began immediately after the retort reached the designated 
processing temperature (250°F). Immediately after processing; using 
the above systems, crabs were eviscerated and the meat extracted (from 
the body, septum and claws). Total extracted meat was used for 
subsequent analyses.
Protein Extraction Based on Solubility Characteristics
Protein solubility groups were determined using the methods of 
Connell (26) and Dyer (38) with appropriate experimental 
modifications. The modification entailed chilling the water and 
buffer used during extraction to 40°C. Extracting solutions used were 
5 7o NaCl solution, deionized water and 0.01M phosphate buffer. 
Preliminary studies using 0.01M phosphate buffer to extract water 
soluble proteins were found to extract no more water soluble protein 
than chilled deionized water.
Salt Soluble Proteins (SSP)
Salt soluble protein was extracted by the method of Dyer et al. 
(38). Muscle tissue was ground twice and A.5 g portions of meat were 
homogenized for two minutes at low speed and four minutes at high 
speed with 70 ml of chilled NaCl (pH 7.1, using an Osterizer blender). 
The pH was adjusted using NaHCO^ solution. Residue on the blade of
24
the homogenizer was rinsed into a homogenizer flask with two 
successive 5 ml volumes of chilled NaCl solution. The homogenate was 
then mixed for 10 minutes on a magnetic stirrer set at medium speed, 
and then centrifuged at 18000x G (3500 rpm) for 20 minutes using a 
refrigerated Sorvall R-C2-B Centrifuge (Dupont Instruments) set at 
4°C. The supernatant was filtered successively through Whatman #1 and 
#42 filter paper. The remaining centrifugate was extracted using 10 
ml of 5% NaCl solution. The extracts obtained from each preparation 
were combined and used for subsequent analyses.
Water Soluble Proteins (WSP)
Two systems were used to extract water soluble proteins in Blue 
crabs. The first system employed phosphate buffer (p**0.05) while the 
second employed deionized water (38). Both systems were used to 
determine if there were differences in electrophoretic patterns or 
protein concentrations between extracts obtained with phosphate buffer 
or deionized water. Equipment, water and buffer used to extract water 
soluble proteins were chilled. The procedure was the same as that 
used in the extraction of salt soluble proteins.
Protein concentration from each extraction procedure was 
determined. Aliquots of salt soluble protein extracts and water 
soluble protein extracts were subjected to the Biuret test as 
described by Gornall et al. (49) and adapted as follows: The reagent
was prepared by adding 50 ml of 10N NaOH solution to 50 ml of 0.01M 
cupric sulfate. Five milliliters of this reagent were added to 3 ml 
aliquot and 2 ml water in a test tube. The mixture was left at room 
temperature for 45 minutes. Absorbance was subsequently read at 540
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ran using a Beckman 25 spectrophotometer. Results were expressed as mg 
protein/g tissue and calculated from the standard curve shown in Fig. 
2. Crystallized bovine serum albumin (Sigma Chemical, St. Louis, MO) 
was used as the standard curve.
ELECTROPHORESIS AND PHOTODENSITOMETRY OF PROTEINS
A modification of the Sodium Dodecyl Sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) method described by Weber and Osborn (134) 
was used in this study and is described.
Reagents
Acrylamide, bisacrylamlde, N,N,N',N'-tetramethylenediamine 
(TEMED), sodium dodecyl sulfate (SDS), Coomassie brilliant blue R-250, 
ammonium persulfate and 2-mercaptoethanol were obtained from Bio-Rad 
Laboratories (Richmond, CA). Other analytical grade chemicals used 
were anhydrous methanol, acetic acid, hydrochloric acid, bromophenol 
blue, glycerol, mono- and dibasic sodium phosphate.
Preparation of Gel Solution
Gels containing 7.5% acrylamide were prepared by mixing 10.1 ml 
acrylamide solution (22.6 g acrylamide, 0.6 g bis-acry]amide and water 
to 100 ml), 3.4 ml water, 15 ml gel buffer (110 ml 0.5 M Na^ P04, 290 
ml of 0.5 M Na2 HP04, 2 g SDS, water to 1 liter, pH adjusted if 
necessary to 7.2 using NaOH), 45 yl TEMED and 1.5 ml ammonium 
persulfate solution (25 mg ammonium persulfate, made 2 ml with 
deionized water). TEMED, a cross-linking agent, and ammonium 
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Figure 2. Standard curve used for Biuret test (y= 0.009 + ,330x).
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ingredients until just prior to when the gel tubes were ready for 
casting. Rapid polymerization was prevented by immersing each 
solution described above in an ice bath until mixing of the gel 
solution at casting time.
Preparation of Gels
Pyrex glass tubes (13 cm x 6 mm I.D.) were prepared by soaking in 
chromic acid, successively rinsing with deionized water and Photoflo 
solution and drying at 75cC in a forced air oven (Blue M, Blue Island, 
111.).
Tubes were allowed to cool In a dust free area, and two layers of 
parafilm were placed at the bottom of each tube. Care was taken to 
ensure that the parafilm and bottom of each tube formed a smooth 
Interface. This is important since any identation which is a result 
of irregularity between the parafilm-glass Interface has the potential 
of trapping air and forming bubbles when the solution Is polymerized, 
thus resulting In an impediment in the flow during electrophoresis and 
poor electrophoretic separation.
The gel solution was then de-aerated for 10 minutes using a water 
aspirator. After de-aeration, TEMED and ammonium persulfate were 
added, and each tube was Immediately filled to the desired length (11 
cm) with the chilled unpolymerized gel mixture using volumetric 
pipette. In order to prevent unnecessary dessication of the tubes, 
100 yl of deionized water were carefully overlayed into each tube, 
being sure that the meniscus between the gel solution and overlayed 
water remained well defined. Within 60 minutes of filling the tubes, 
polymerization was completed and the parafilm removed. Polymerized
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gels were held refrigerated overnight prior to electrophoresis.
Preparation of Sample for Electrophoresis
Protein solutions containing 12.6 yg protein were mixed in small 
vials (5 ml) with 5 yl of marker dye (bromophenol blue, 7 mg/10 ml in 
0.01 M phosphate buffer pH 7.20, 5 yl mercaptoethanol and one drop 
glycerol (for each gel). Glycerol was applied with the aid of a 
special dropper and functions to increase the density of the 
electrophoresis sample.
Standard Proteins and Sources
Phosphorylase B (rabbit muscle-M.W, 94,000), bovine serum albumin 
(bovine serum-M.W. 78,000), Ovalbumin (eggwhite-M.W. 43,000), lysozyme 
(egg-white-M.W. 13,500) and soybean trypsin inhibitor (soybean 
protein-M.W. 20,000), and (carbonic anhydrase (Human blood - M.W. 
29,000) obtained from Sigma Chemicals, St. Louis, MO., were used as 
standard molecular weight markers. Relative mobilities of the marker 
proteins were used for molecular weight determinations of the SDS-PAGE 
resolved proteins.
Preparation of Hydrolysis Solution
Protein samples (standard and extracted) were dispersed in 
hydrolysis solution (0.01 M sodium phosphate, pH 7.2, containing 1 % 
2-mercaptoethanol made to 100 ml with deionized water). The 
preliminary studies Indicated that best results were obtained when a 
ratio of 1 part protein to each 2.2 equivalent parts of hydrolysis 
solution resulting in an SDS/protein ratio of approximately 9:1. 
Final protein concentrations were adjusted to within 1 mg/ml for each 
gel tube using values obtained from the Biuret procedure (49). To
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ensure conformity and reduction of disulfide bonds In polypeptide 
chains* tubes containing protein solution were Incubated for two 
minutes at 100°C, after which they were cooled to room temperature 
before further use.
Electrophoresis Separation
Protein samples were separated in an eighteen tube capacity Bio 
Rad electrophoresis unit, model 155, equipped with a Buchler 3-1500 
power supply (Fort Lee, N.J.). Reservoir buffer (1 part gel buffer
and 1 part deionized water) was added to both lower and upper
compartments. Polymerized tubes were filled with reservoir buffer and 
fitted into the electrophoresis unit through the 0-rings of the upper 
compartment. Approximately 4 cm of each tube was allowed to extend 
into the reservoir buffer contained in the upper compartment and the 
remaining portion immersed in the lower compartment’s buffer.
Electrophoresis sample mixture was layered on top of the gel tube 
through the reservoir buffer using a graduated 2,500 yl teflon
syringe. The sample vial was then rinsed with 10 yl of sample buffer,
which was also added to the gel. (The protein load on each gel was 
12.6 yg in a total sample volume of 60 yl.) The electrophoresis unit 
was next attached to the power supply and current adjusted to 5 MA per 
gel tube. Constant current mode was used.
Upon completion of electrophoresis (eight hours or when the 
market dye was 1 cm from the bottom of one gel) the unit was 
disconnected and the gels removed from the glass tubes using water 
flumes with the aid of a 20 gauge syringe. Each gel was next measured 
to determine its prestaining length. (This length is of great
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importance since it constitutes a useful element in the computation of 
Rf values of each protein). Gels were subsequently immersed into 
individual tubes containing filtered staining solution prepared by 
dissolving 0.5 g of Comassie brilliant blue in 20 ml of glacial acetic 
acid, 98 ml of methanol and 200 ml of water, and stained for at least 
eight hours. Destalnlng was performed for three days or until all 
protein bands were visualized, by immersing each gel in destaining 
solution prepared by mixing 250 ml methanol, 75 ml glacial acetic acid 
1000 ml water. In order to expedite the destaining process, the tubes 
were immersed into a water bath set at 40 ± 5°C for the first eight 
hours of destaining. During this initial eight hours, destaining 
solution was changed at 20 minute intervals. The remaining period of 
destaining was conducted at ambient temperature; with the solution 
being changed at one hour Intervals. Fully destained gels were then 
stored in 7.5% acetic acid until further analysis.
Molecular weight and intensity of the bands were established for 
each protein by running two tubes containing known protein standards 
from which standard curves (Fig. 3) of the Rf, molecular weight and 
intensity of the proteins were established.
Determination of Rf and Molecular Weight
Following complete destaining of the bands the total length of 
the gel was measured (in cm). The distance from the top of the gel to 
center of each band was measured. Relative mobility (li) was 

















Figure 3. Sample standard curve used for determination of protein 
molecular weights.
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where x^ and are the distances migrated by the protein and the 
tracking dye, respectively, and L and L* are the total length of the 
gel before staining and after destaining.
Molecular weights were calibrated from standard curves using Rf 
values of standard proteins (Figure 3).
Photodensitometric and Photographic Procedures
Protein subunits resolved on each gel were quantified using 
photodensitometry (134). The gels were scanned at 590 nm with a scan 
length of 125 on the visible analysis mode of the instrument. Optical 
density and autogain ratios were 0 and 80, respectively. A 0.2 mm 
vertical slit width was interposed between the glass tube and the 
photometer. Gels were held in place during photodensitometry by 
supporting them in 15 cm long glass tubes containing freshly made 
storage solution (7.5% acetic acid).
Selected gels were photographed in order that permanent record 
might be obtained.
MINERAL STUDY
Mineral analyses (6) were done for each treatment described under 
"Processing". Meat, hemolymph, water used in processing and tap water 
comprised the samples. The procedure used to remove hemolymph will be 
detailed in "Hemolymph Study".
Reagents
Atomic absorption standards and other reagent grade chemicals 
were obtained from Fisher Scientific Company, Fair Lawn, N.J. Samples 
were digested with the use of nitric acid. Lanthanum oxide (90%
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purity) was dissolved in water and hydrochloric acid for a 10% (W/V) 
solution. This mixture was used to inhibit ionic interference.
Sample Preparation
Triplicate 10 g samples of raw and processed meat were weighed 
directly into 50 ml Erlenmeyer flasks, and 5 ml of 20% (V/V) nitric 
acid solution added. The mixture was placed on a hot plate and 
allowed to digest until fully dissolved. A second 5 ml volume of 
nitric acid solution was added and contents allowed to digest for 10 
minutes. The procedure was repeated using 2 ml of nitric acid and the 
contents warmed for five minutes. The digest was transferred 
quantitatively to a 100 ml volumetric flask, using three successive 
water washes. The mixture was allowed to cool at room temperature for 
30 minutes and subsequently diluted to volume with water. The mixture 
was centrifuged at 18,000 x G for 15 minutes and filtered through 
Whatman #42 filter paper. After filtration, 2 ml aliquots were placed 
in 50 ml volumetric flasks diluted to volume with water. Dilutions 
were made from this stock for analyses. Blank solutions for each 
determination were prepared by diluting 2 ml nitric acid to 100 ml 
with water. To make allowances for differences in moisture content 
among samples, total moisture was determined by drying on a 10 g 
sample at 121°C for 2.5 hours (44).
Hemolymph samples were prepared by placing 4 ml of freshly 
removed hemolymph in a 250 Erlenmeyer flask containing 25 ml of 
hydrochloric acid solution (250 ml of concentrated HC1 with 220 ml of 
deionized water). The mixture was placed on a hot plate, boiled for 
10 minutes, cooled 30 minutes, transferred to a 50 ml volumetric flask
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and made to volume with deionized water. The solution was 
subsequently centrifuged at 18,000 x G and filtered through Whatman 
#42 filter paper. Aliquots of this solution were used for analyses. 
For copper analyses 1 ml aliquot of the stock was diluted to 25 ml 
prior to analysis.
The dry ash method as described in (A.O.A.C. 18.001) was used to 
determine copper in the copper-protein complexes on gels. To overcome 
interference in the analysis, batches of twelve gels which had been 
subjected to electrophoresis were used. Two gels from each batch were 
stained using a cyanide-tetrazolium stain (50). After band 
development, gels were next aligned against the remaining unstained 
gels. The approximate areas of band development were cut from nine of 
the unstained gels (0.5 cm on each side) and kept separate (one 
unstained gel without protein sample was used to prepare a blank). 
Twenty-five grams of the cut gels were weighed into a crucible and 
placed in a muffle oven for two hours at 525°C. At the end of the two 
hours ashing time, the crucible was removed from the oven and allowed 
to cool for 30 minutes. After cooling 15 ml of nitric acid solution 
(1:4) were added to the crucible and the solution was filtered through 
Whatman #42 filter paper into a 100 ml volumetric flask. The residue 
and filter paper were washed three times with water and the contents 
were brought to volume. This was used as a stock solution from which 
dilutions were used for atomic absorption spectroscopy. Two blanks 
were prepared using 2 ml nitric acid and 2 g unstained gel.
Analytical Procedures
Elemental analyses were conducted on a Perkin-Elmer atomic
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absorption spectrophotometer. Standard air-acetylene flame was used 
for all analyses. Individual element hollow cathode lamps were used 
for all elements analyzed. The instrument settings and other 
experimental conditions were in accordance with manufacturer's 
specifications. Samples diluted for calcium and magnesium analyses 
were combined with 1% (W/V) lanthanum to overcome potential anionic 
hindrances. Duplicate samples of wet-ashed and dry-ashed solutions 
were used in all determinations. Direct readouts in ppm were 
converted to mg/100 g.
Determinations were also made on 2 ml aliquots of experimental 
water and processing water,
DETERMINATION OF FUNCTIONAL GROUPS IN PROTEIN
Modification of the method described by Conrat and Cooper (28) 
was used to determine and quantify acidic and basic groups of crab 
protein. The method is based on the photoelectric determination of 
uncombined dye (28).
Basic Groups
Approximately 5 mg of crystallized bovine serum albumin was 
weighed and placed into each of four teflon centrifuge tubes; 
containing 1 ml of 0.1 M citric acid buffer pH (2.2). Increasing 
amounts (1,2,3 and 4 ml) of 0.1% Orange G (in water) were added to the 
respective beakers, and the suspension placed on a mechanical shaker 
(28) and shaken for 18 hours at room temperature. The shaker was 
operated at a speed of six, with one being the lowest operating speed 
and nine the maximum. The mixture was then centrifuged at 18,000 x G 
for 30 minutes at 4°C in a Sorvall refrigerated centrifuge and
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aliquots of the supernatant solutions diluted 100 fold with water. 
Absorbance measurements were recorded using a Beckman 
Spectrophotometer 25 set at 500 nm. The dye concentration was read 
from a standard curve (Fig. 4) obtained with dilutions of the Orange G 
stock solution. The dye bound by the protein as determined by 
subtracting the excess found in the supernatant from the amount added. 
The average of all values for the maximum amount of dye bound in mg, 
multiplied by a conversion factor of 8.85 yields the results in terms
4of acid equivalents of dye bound per gram of protein x 10 .
B. Acidic Groups
The same procedure as that used for the basic groups was used for 
measuring acidic groups with the exception that an 0.2 M phosphate 
buffer (pH11.5) and 0.2% safranine solution was used. 
Spectrophotometric measurements were recorded at 520 nm. The standard 
curve prepared is shown in Fig. (5). The factor for calculating the 
results in terms of base equivalents of dye bound per gram of protein 
x 104 is 5.63^.
For the determination of acidic and basic groups in the proteins 
of Blue crab, 25 mg of tissue were shaken with 2 ml buffer and 8 ml 
dye solution and analysis conducted as described. The amount of dye 
bound were calculated from the standard curves as follows:
aThe factor represents the valence of the dye (2) x 10, divided by 
the molecular weight of the dye x the amount of protein used (0.005 
g). The empirical formula of Orange G is Cj^H^QN20(S0g)2Na2++*
^Safranine 0 is a mixture of homologous monoacid bases; the molecular 
weights of the two main constituents, (^20^19^6)±C1, are 350.5 and 
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Figure 5. Sample standard curve used for the determination of Acidic 
groups (y= 0.0825 + ,216x).
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4equivalents of acidic groups per 10 g protein
M (5.62)(y)8 _______
n
4equivalents of basic groups per 10 g protein 
M„(8.85)(y)
- — ;  (28>
Where
M = mg of bound safranine, s
Mq = mg of bound Orange G.
y = Experimental factor (In this study y = 5)
n = mg protein per 25 mg tissue.
C. Sulfhydryl Groups
Total sulfhydryl groups were measured using a modification of 
Ellman’s reagent, 5,5'-dithiobis (2-nitrobenzoic acid (DTNB) (41). 
The DTNB reacts specifically with sulfhydryl groups, producing one 
mole of thionitrobenzoate anion per mole thiol which is measured at 
412 nm and has a molar absorbancy (e) of 13,600/M/cm * (41).
Duplicate 5 ml samples of protein solutions extracted as described
under "Protein Extraction", were diluted to 8.0 ml with phosphate
buffer (pH 8.0, 0.1 M). The pH was adjusted to eight using 1 M NaOH 
solution, and 200 yl of DTNB solution containing 39.6 mg per 10 ml pH 
7 phosphate buffer was added. Tubes were held for 50 minutes to allow 
color development, then centrifuged at 18,000 x G for 30 minutes in a 
Sorvall refrigerated centrifuge. The supernatant was filtered through 
a 45 y millipore filter. After which absorbance of the 
thionitrobenzoate released by reaction with sulfhydryl groups was read 
at 412 nm in a Beckman spectrophotometer 25. The concentration in the
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solution was calculated using the following formula:
C = |  D (41)
Where C ■ Concentration (m moles/g wet weight)
A * Absorbance at 412 nm 
e = Extinction coefficient = 13,600/M/cm 
D = Dilution factor 
Values obtained were referenced to established quantities of 
sulfhydryl groups in 8-mercaptoethanol and bovine serum albumin. Due 
to inconsistencies in the results obtained when the protein in the 
hemolymph was extracted as described earlier, it was necessary to use 
1 ml of freshly extracted hemolymph dissolved in 8 ml deionized water 
and 1 ml buffer.
In all cases a blank was prepared and treated in the same manner 
as sample except for the exclusion of DTNB.
AMINO ACID ANALYSIS
Qualitative and quantitative determination of amino acid in the 
meat, hemolymph and water used in the processing of Blue crab were 
determined according to the method described in Beckman's Instruction 
booklet (10). This method is based on protein hydrolysis, amino acid 
separation by ion-exchange, colorimetric reaction with ninhydrin, 
qualitative and quantitative computation of colored reaction products.
Samples weighing 0.2 to 0.4 g (1 ml for processing water) were 
weighed directly into 25 ml ampules. To each ampule, 5 ml of 6 N HCl 
were carefully added, ensuring that the interior surfaces of the 
ampules were washed clean of any sample that might have stuck to the
41
surfaces. The ampules were sealed under vacuum and placed In an oven 
at 110°C and hydrolyzed for 22 hours. Upon completion of hydrolysis, 
each sample was filtered into a 250 ml round bottom distillation flask 
with 40 ml of acidulated water (20 ml HCL/liter) and concentrated on 
rotary evaporator at 55°C. Concentrated samples were transferred 
quantitatively into a 25 ml graduated cylinders with 10 ml of pH 2.2 
citrate buffer and made to volume. The diluted sample was filtered 
into 25 ml vials through millipore filters (2.2 p pore size), and 
stored at -20°C. Samples were analyzed on a Beckman 119 amino acid 
analyzer and results calculated in mg per 100 g tissue.
HEMOLYMPH STUDY
Chemical and electrophoretic properties of the serum of Blue 
crabs were investigated. The electrophoretic studies in part, 
utilized a specially developed stain to characterize copper-protein 
complexes in the serum.
Serum Removal
Hemolymph was removed from live Blue crabs using a 20 gauge 
syringe by cardiac puncture through the intersegmental membrane 
between the posterior of the carapace and the abdomen. Ten 
milliliters samples were drawn from the crabs and placed in screwed 
capped tubes.
Electrophoresis
The serum from Blue crabs were subjected to electrophoresis on 
7.5% acrylamide gels in phosphate buffer as described earlier. After 
electrophoresis gels were selectively stained using a modification of
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the cyanide-tetrazolium staining procedure described by Gould and 
Karolus (50).
Standard Copper-Protein Samples
Purified human ceruloplasmin (7Cu/mole) and purified uricase (hog 
liver) 1 Cu/mole; were obtained from Sigma Chemicals, St. Louis, MO.
Reagents
KCN,0.06 M, pH 9; p-nitro blue tetrazolium chloride (NBT), 6 
mg/ml in water; phenazine methosulfate (PMS), 1 mg/ml in water;
polyvinyl-pyrrolidone (PVP), and 0.05 M phosphate buffer, pH 9.
Staining Procedure
1.1 g of PVP was added to an acid washed 100 ml Erlenmeyer flask 
containing 36 ml of KCN and 25 ml of phosphate buffer and mixed. 
Approximately one hour before use the NBT was solubilized (40 mg in 18 
ml of water) and added. Just prior to use, 1.4 ml of PMS were added 
to the cyanide tetrazolium solution. The solutions were mixed 
thoroughly and poured over the gels in individual tubes, which were 
subsequently stoppered and inverted 15 times and placed in the dark at 
room temperature for one hour. To stabilize the bands and allow 
further color development fresh staining solution having the same 
composition as before with the exception that the pH of the phosphate 
buffer was adjusted to 10. Samples were placed in the dark for one 
hour after which time they were washed with pH 10 phosphate buffer 
three times. Deep pink to reddish bands were now visible indicating 
hemocyanin sites. Gels were stored in pH 7, phosphate buffer for 
further study.
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Sites indicating the presence of hemocyanin were analyzed for 
copper using atomic absorption procedures described earlier.
pH DETERMINATION
The pH of the tissue (and processing water) of Blue crabs was 
measured by the procedure by Love (81). Five grams of tissue were 
homogenized in 40 ml of deionized water for three minutes. The pH of
the homogenate was read on a Corning 110 digital expanded scale pH
meter, equipped with a single electrode, at 25°C.
Forty-five milliliters of the water used in processing were used
for calibration of pH in these samples.
WATER RETENTION CAPACITY
Twenty milliliters of water were mixed thoroughly with 10 g of 
tissue in a 50 ml beaker for 10 minutes and then allowed to 
equilibrate for 20 hours at 0°C. The unabsorbed water was isolated by 
centrifugation at 18,000 x G for 20 minutes and subsequently measured.
The percentage of water retention per gram of meat was calculated 
using the following formula:
a, Volume (ml) of fluid added - ml fluid not absorbed x 100 /,,,%% =  —--- y— c— -2---    (114)Wt. (g) of meat
STATISTICAL ANALYSIS AMD EXPERIMENTAL DESIGN
All analyses were performed using the statistical procedures 
described by Barr et al. (9) and Snedecor and Cochran(120).
The GLM (General Linear Model), correlations and least square 
analyses were used to determine the effect of temperature and other 
parameters on electrophoretic characteristics.
RESULTS AND DISCUSSION
WATER SOLUBLE PROTEINS
Sodium dodecyl sulfate-polyacrylamlde gel electrophoresis
(SDS-PAGE) and photodensitometry of proteins were found to be
extremely reliable techniques for the separation, detection and
characterization of water soluble and salt soluble proteins in Blue
crabs (Callinectes sapidus). The reliability of these techniques lie
primarily in their high degree of reproducibility (113). This was
demonstrated during the course of this study; where, several different
electrophoretic determinations on the same protein solutions
consistently gave identical patterns. Table 2 shows the degree of
reproducibility between known molecular weight proteins and the
molecular weights obtained using SDS-PAGE.
Using the average relative mobilities (R ) of standard proteinsm
in six separate gels, the slope and intercept of the curve obtained
was calculated by linear regression. The data fitted a line described
by the equation: MW = 118201.86 - (112785.08 x R ) with a correlationm
coefficient (r) for the observed values being 0.9994, (P .001). This 
high correlation and coefficient indicates a high degree of agreement 
between known and observed molecular weights. The mean Rm of the
standard proteins was 0.63 with standard deviation of ±0.28. The
probable error of the molecular weight determinations calibrated from
the standard proteins was 4%.
44
45
Table 2. Comparison of reported and observed molecular weights 











Phoshorylase B 0.24 94.0 95.0 + 1.06
Bovine serum 
Albumin (BSA) 0.33 78.0 79.0 + 1.28
Ovalbumin 0.66 43.0 43.1 +0.23
Carbonic
Anhydrase 0.78 29.0 29.0 0.0
Soybean Trypsin 
Inhibitor 0.86 20.0 20.8 +4.0
Lysozyme 0.94 13.5 13.3 -1.5
Slope = 1127885.08 
Intercept (y) = 118201.86 
Correlation Coefficient (r) = 0.9994
Where y = MW





Protein subunits are separated in SDS solution on the basis of 
their molecular weights (113). Molecular weight determinations are 
based on the principles that SDS-protein complexes travel in 
acrylamide gels at rates proportional to the protein molecular 
weights. The implication here is that the specific charge pattern of 
the individual protein is completely changed when bound to SDS anions. 
The result will be that all molecules are negatively charged (115). 
Weber and Osborn (115) contend that separation is facilitated by the 
sieving effect of the acrylamide. This sieving is an exponential 
function and overcomes the charge effect, which these authors suggest 
(115), may be of minor importance.
Molecular weight values of SDS-PAGE resolved proteins were 
obtained from a plot of standard protein of known molecular weights
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and their Fig. 3. The plot indicates a linear relationship
described by the regression equation y * 119813.92 - (113092.79 x R )m
with a correlation coefficient of 0.99. The high degree of
correlation Indicated reliable molecular weights could be determined 
from established mobilities.
Analysis of the stained gels of the raw crabmeat proteins showed 
approximately 30 protein subunits. These subunits range in molecular 
weights from 12,000 to 130,000 daltons. Photodensltometric scans of 
the gels; however, did not reveal an absorbance peak for all subunits 
due to low concentration of several bands. The relative position of 
these subunits on the scan is marked by (**) and represents
approximately 12 proteins subunits. These subunits comprised
approximately 17% of the total water soluble proteins and are
characterized by low Rq  ( 0.27) and high molecular weights. There 
were no observable changes in the migration characteristics of 
individual peaks relative to processing temperature or time: The
observed changes in photodensltometric profiles were related to 
relative concentrations at corresponding temperatures.
Photodensltometric profiles of the water soluble proteins in raw 
and Blue crabs processed 5 and 10 minutes are Illustrated In Figs. 6 
and 7. Analyses of the profiles Indicated that the qualitative 
changes In Blue crab proteins are more dependent on processing
temperatures than on time of processing. This data is supported by 
similar reports In the literature (122). These authors working with 
ox, horse and duck proteins concluded that there was no observable
difference In the electrophoretic patterns when heating time was







Figure 6. Comparisons of photodensitometric tracings of water soluble 
proteins from raw Blue crabmeat and Blue crabmeat processed 











Figure 7. Comparison of photodensltometric tracings of the water 
soluble proteins from raw Blue crabmeat and Blue crab 
processed for 10 minutes at various tempertures.
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Tables 3 and 4 show the concentration of Individual water soluble 
protein subunits. The thirty subunits present in the raw samples had 
a concentration of approximately 45 vg/mg total protein. 
Approximately 12.3% of these proteins have molecular weights of less 
than 80,000 daltons. Of the total water soluble protein present in 
the raw meat, 3.65 pg/mg total protein was present at 100°C. There 
was consistent decline in these proteins as illustrated in Fig.6.
The data in Table 3 illustrates the effect of a 5°C increases in 
processing temperature on the make-up of the water soluble protein. 
Documentation can be found in the literature (61) of a strong 
correlation between losses of water soluble nitrogen and flavor 
characteristics. This data (Table 3) lends support to these findings 
and is substantiated in that 95% of the water soluble proteins with 
molecular weights less than 80,000 daltons was lost by processing at 
70°C for 5 minutes.
Although there is no mention of amounts of water soluble proteins 
in Blue crabs in the literature, the values obtained in this study are 
similar to those reported for other seafoods (81). Based on values 
obtained in this study and the report of Connell (26), it seems that 
the upper range (approximately 30%) of the quantities reported by 
Hamoir (55) might be confined to those species of fish that have very 
high quantities of colored sarcoplasmic proteins and resultant dark 
flesh.
Figure 6 illustrates typical electrophoresis data of water 
soluble proteins in Blue crabs compared to that of the standard 
proteins used in the study. Quantitation showed highly significant 
differences (P<.001) in the changes between the number of bands
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Table 3. Relative composition of water soluble protein subunits in Blue 
crab processed for 5 minutes determined using SDS-PAGE and 
photodensitometry.
Band M.W. (x 103)________________Temperature °C______________________
_______________________Raw 70 75 80 85 90 95 100 121
---------- yg protein/mg total protein----------
** 117-130 7.5 6.57
A 116 2.12 2.11
B 108 3.46 3.15
C 107 1.43 1.31
D 106 1.57 1.35
E 105 1.26 0.54
F 104 3.31 2.83
G 101 0.50 3.1
H 98 2.66 2.61
I 97 2.02 0.80
J 96 2.59 2.2
K 95 2.6 2.2
L 94 3.78 3.78
M 89 2.47 3.83
N 83 2.2
0 75 0.81











0.54 1.08 1.08 0.63
1.08 1.12
2.43 3.02 2.53 0.9 0.72
0.90 0.7
1.9 0.95 1.9 1.16 1.84
1.84 0.99 0.99 2.43 2.4 2.25 2.16
1.35 2.11
0.95
1.35 0.6 0.7 0.66
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Table 4. Relative composition of water soluble protein subunits In Blue 
crab processed for 10 minutes determined using SDS-PAGE and
photodensitometry





A 116 2.12 2.11
B 108 3.46 3.11
C 107 1.43 1.32
D 106 1.57 1.30
E 105 1.26 0.56
F 104 3.31 2.83
G 101 0.50 3.1
H 98 2.66 2.60
I 97 2.02 0.82
J 96 2.59 2.2
K 95 2.6 2.16
L 94 3.78 3.78
M 89 2.47 3.8
N 83 2.2
0 75 0.81








75 80 85 90 95 100 121
protein mg/total protein-----------




0.55 1.03 1.0 0.42
1 .1 1 .1
2.4 2.84 2.55 0.87 0.66
0.83 0.61
1.72 0.93 2.1 1.16 1.84
1.85 0.92 1.1 2.4 2.63 2.12 2.22
2.19 1.1 2.1
0.63
1.32 0.6 0.42 0.56
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present in raw crabmeat (30) and the number retained after processing 
at 100°C (2); however, the level of significance was reduced (P<.05) 
when, raw crabmeat was compared to crabmeat processed at 121°C. This 
change in significant level may have resulted due to differences in 
processing methods. Samples processed between 70-100° were processed 
in water, whereas, those processed at 121°C were processed in steam. 
Therefore it is possible that the loss of proteins with hydrophilic 
tendencies would occur in the samples processed in water; and not in 
the steam processed samples. These results are similar to those of 
Fogg et al. (44), but do not support the work of Caldironi et al, 
(18), who did not detect protein bands after bovine muscles were 
cooked above 80°C. They are also in variance with the results of 
Randall et al. (105) who found 3 cathodic and 13 anodic bands in the 
water soluble fraction of bovine skeletal muscle.
Several authors (72) reported that the slowest migratory
fractions of bovine water soluble protein subunits were the most
affected during heating. This was not found to be true for Blue crab 
proteins (Fig. 8). Various degrees of thermal lability of proteins 
over a broad range of and molecular weight were shown. Processing 
at 70°C for 5 and 10 minutes resulted in the fastest migratory
(0.35-0.74 R^) and lowest molecular weight (83,000-12,000) proteins as 
having the greatest instabilities. This implies that processing 
temperatures above 70°C will cause serious destruction of a wide range 
of molecular weights of the water soluble proteins in Blue crabs. 
This observation supports literature reports (26,83) that the broad









85 90 95° 100° STD
B. Electrophoretograms of water soluble proteins in raw and Blue crabmeat processed 
for 5 minutes at various temperatures. (Temperatures are in centrigrade)
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Also, documentation is made by Levitt (77) that heat stable enzymes 
have molecular weights less than 100,000.
Protein resolution and intensities were compared with an 
electrophoresis profiles of standard proteins use during this 
investigation. Statistical analyses of the Intensity values are 
presented in Table 5. Coomassie brilliant blue gave very consistent 
intensity of the proteins and was very useful in following changes in 
intensity characteristic of the individual proteins, relative to 
processing temperatures and time. Williams and Gratzer (139) reported 
precipitation of Coomassie blue on SDS-PAGE gels. These authors 
postulate that the anionic nature of SDS was responsible for this 
reaction. No such problem was encountered during this study. At 70°C 
there were increased intensities of some proteins Table . These 
increases were primarily confined to subunits with molecular weights 
of 60,000 to 95,000 daltons.
Protein M (Table 3) with molecular weight 89,000 was the only 
thermally stable protein found in the water soluble fraction of Blue 
crab. This protein subunit was the only one to survive the entire 
range of processing temperatures. The temperature stability of this 
protein may cause it to contribute to quality factors such as flavor 
which is known to change with changes in protein concentration 
(57,61). Protein subunits N-V with molecular weights of 83.000 to 
12.000 daltons were the fastest migratory and most thermally labile 
proteins. Above 70°C, greater than 90% of these proteins could not be 
detected or characterized. This observation supports the work of Seki 
(112) who contend that lower molecular weight proteins of fish were 
the most susceptible to heat denaturation.
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Table 5. Duncan multiple range scores for the mean Intensity value of 
major water soluble protein subunits In Blue crabs processed 
for 5 minutes separated by SDS-PAGE
Band M.W. (x 103) Raw
Band
70
Intensity at Temperature 




•nCMi-H lb lb oa lb oa oa lb
A 116 lb b lb lb oa oa oa oa la
B 108 b b o3 oa oa 1.2b 1.3b 0a lb
C 107 b b oa oa oa b lb oa oa
D 106 b lb oa oa oa b lb 0 lb
E 105 b b lb oa oa lb lb 0 lb
F 104 b 2C I1 oa oa b oa oa oa
H 98 2C 3d lb oa oa 0a 952 oa oa
I 97 3d 2C lb oa oa 0a 0a 0a 0a
J 96 2C lb oa oa oa oa oa 0*1 0s.
K 95 3d lb oa oa oa oa oa 0s. 0s.
L 94 3d 3d 2C lb lb lb oa oa lb
M 89 4e 4e 3d 3d 2C 3d 2C 2C 3d
N 83 2° oa oa oa lb lb oa lb lb
^Band Intensity relative to that of standard BSA using a sale from 0 
(not detectable) to 4 (Bright deep blue).
a,b,c,d’eDifferent superscripts indicates differences of P 0.05 in 
subunits intensity within a row.
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At 90 and 95°C protein bands of moderate intensities were
extractable, which had not appeared at lower temperatures (Fig. 8).
These bands had R values of 0.13, 0.18, 0.30 and 0.44, The presence m
of these protein bands only at relatively high temperatures may be 
caused by their chromogenic proteins (38), Several reports in the 
literature (25,54) concluded that chromogenic proteins are components 
of the water soluble fraction, and chromogenic proteins are 
extractable only under specific conditions (81). At the temperatures 
(90 and 95°C) the ionic conditions of the tissue are such that the 
extraction of chromogenic proteins is greatly enhanced. Dyer and 
Dingle (38) reported that pH is one of the factors which affect the 
extractability of some proteins; however, there is no record in the 
literature of the pH at which chromogenic proteins become extractable, 
but they were observed in this study to be extractable at pH 8.16-8.22 
(Table 19),
Similar changes to those presented in Table 3 and Fig. 8, (which 
illustrate relative protein concentration and electrophoresis 
patterns) have been shown by several authors (128) to be the 
destruction of the protein due to denaturation. Since it was possible 
to extract and characterize proteins in the processing water (Fig. 9), 
this data does not support the theory that protein losses during 
thermal processing (in water) are due exclusively to heat denaturation 
(72). Rather, the data (Fig. 9) suggest various degrees of 
disassoclation of functional groups such as carboxyl, amino and 
sulfhydryl groups. This is supported by the observation where the 
changes in these functional groups were dependent on temperature (Fig. 
15); Table 3.
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Characterization by molecular weights of the proteins present in 
the processing water at varying processing temperatures is shown in 
Fig. 9. Consistent quantitative and qualitative changes (similar 
trends to those observed in the tissue) were shown with each 
temperature increment. At 70°C eight subunits were characterized. At 
75°C only four subunits were present. This 5°C interval between 70 
and 75°C demonstrates that water of moderate temperature causes severe 
losses of proteins. The implication is that process designs and 
modifications (for Blue crabs) must use water as a critical factor in 
its specifications. It is apparent from Fig. 9, that even a 5°C 
increase in the water can cause over 90% of the losses of proteins. 
It is very important to minimize the loss of proteins from meat to the 
water during processing of Blue crabs. These proteins when removed 
from the meat because of leaching, deplete the flavor quality of the 
meat(s). The importance is emphasized by the observation that, of the 
90% losses of some proteins from the meat, 95% of these proteins were 
recovered from the water used during processing. This also means that 
initial loss of proteins from the meat is not necessarily due to 
thermal destruction, but to leaching.
Processing water of 75-100°C also showed a wide range of 
destruction of several protein subunits of different M.W. weights. 
Only one protein could be characterized at 100°C. This protein was of 
molecular weight 89,000 - and was the most thermostable protein found 
in the tissues. However, since this subunit was also present in 
processing water, it was characterized as a leachable protein. The 
leaching tendencies of the proteins (Fig. 8) support the work of 
Hendry (61) who found that 10-15 minutes rinsing of Blue crab meat
Figure 9. SDS-PAGE electrophoretograms of protein subunits in Blue crab processing water at various 
temperatures. (crabs processed for 5 minutes) '
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depletes up to 33% of the nitrogen content of the meat.
The water soluble protein subunit (protein M,-M.W. 89,000) which 
showed resistance at all processing temperatures might be explained by 
the theory advanced by Bligh (12). This author believed that some 
water soluble proteins contain small numbers of hydrophobic groups; 
the presence of which contribute resistance to denaturation (5,31).
The electrophoretic patterns present in the water used in the 
processing of Blue crabs, substantiate the theory that fast migratory 
proteins have high hydrophilic tendencies and concomitant low thermal 
stability (28). However, in Blue crabs, high molecular weight
proteins with an expected higher resistance to heat were also
denatured in similar proportions to lower molecular weight protein 
Table 3.
The general principles noted in the electrophoretic patterns
above, conveyed strongly the overall effect of processing temperatures 
(and water used in processing) on Blue crabs proteins.
The changes observed in the Figures 8 and 9 are of great
importance since information concerning the protein chemistry of Blue 
crabs is scarce. As a result, much speculation has arisen in
explanation of the deterioration of quality factors when Blue crabs
are processed (17). For example, there are notable losses in water 
soluble nitrogen and flavor when the mechanical picker is used for 
meat removal. In order to modify the mechanical picker to reduce the 
depletion of protein, it is important to know and understand what 
specific proteins are involved and their responses to temperature and 
water. Therefore, non-traditional processes where crab meats are
unnecessarily exposed to continuous flows of water during the picking
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process, is very detrimental to protein content and the accompanying 
quality attributes.
SALT SOLUBLE PROTEINS
Salt soluble proteins in Blue crab were characterized on the 
basis of molecular weight. Forty-five protein subunits were found in 
raw meat samples (Tables 6 and 7). Major proteins had molecular 
weights of 139,000, 91,000, 89,000, 68,000 and 30,000. As shown in 
Table 6, there were no significant differences in major proteins 
between samples processed for 5 or 10 minutes regardless of processing 
temperature. However, as was the case for the water soluble proteins, 
significant amounts of salt soluble proteins were lost as processing 
temperature was increased.
Figure 10 illustrates densiometric scans for the electrophoresis 
gels shown in Fig. 11. The profiles closely resemble those of the 
water soluble proteins (Fig. 6) in that disappearances of peaks were 
related to processing temperature.
Several protein subunits did not register on the scan due to 
their low intensity. In most cases, these proteins were of molecular 
weights greater than 100,000 daltons. The overall changes observed in 
the electrophoretic profiles were dependent on processing temperature 
and are similar to the observations of Crespo, et al (33). These 
authors working with avian proteins reported reductions in size and 
number of peaks when the muscles were heated between 40 and 80°C. 
They attributed the change to protein denaturation and loss of 
extractability.
The most pronounced effect of processing on the electrophoretic 
patterns was the progressive loss of intensity and number of bands as
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Table 6. Composition of salt soluble proteins in Blue crabs processed 
for 5 minutes at various temperatures determined using 
SDS-PAGE and photodensitometry.
Band M.W. (x 103) Raw 70 75 80 85 90 95 100 121
yg protein/mg total proteins
GG 150-160 16.67
HH 148 6.23
II 147 17.11 10.41
JJ 146 14.61 6.38
KK 143 13.3 5.36
LL 139 21.14 9.29
MM 138 11.98 8.63
NN 135 16.11 2.16
ZZ 130 19.23 17.84
AC 120 12.11 8.44
A 116 6.14 6.0
AB 114 13.17 12.84
BC 109 16.66 4.23
B 108 3.26 3.16
C 107 11.86 4.71
D 106 13.18 9.18
E 105 1.61 1.28
F 104 3.86 2.61
G 101 11.90 3.22
H 98 17.13 6.19
I 97 13.16 9.4
J 96 12.14 3.67
K 95 12.28 7.24
L 94 16.19 13.76
MN 91 20.28 4.18
M 89 24.16 17.27
N 83 11.35 1.13
0 75 1.86
P 71 17.93
PP 68 13.23 3.69
Q 66 1.16
RR 63 8.26
R 60 3.16 1.44
SS 55 9.13 4.18
KT 51 1.23
S 49 7.92 3.4
T 37 4.1
TT 34 6.11 1.67








2 . 2 1
7.24 6.74 3.76 2.89 2.64 2.33 4.28
7.26 6.64 4.18 3.16 4.18
3.36 2.28
2.29 2.0 2.26 2.18
2.13 2.10
1. 0
1 . 6 6
1.3 2.24 1.4 1.4 1.20 1.14 1.86
3.16
2.64 1.21 2.24
1.14 3.13 1.38 1.26 0.98 0.91 2.16
16.43 9.17 9.1 8.43 6.33 4.27 8.21
4.13
3.48 2.64 1.88 1.90 1.21 1.11 2.33
2.28 2.29 3.16
2.24
4.39 4.10 1.67 1.63 1.12 1.0 3.94
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Table 7. Composition of salt soluble proteins In Blue crab processed 
for 10 minutes at various temperatures determined using 
SDS-PAGE and photodensitometry.
Band M.W. (x 103) Raw 70 75 80 85 90 95 100 121
Umg protein/mg total protein
GG 150-160 16.67
HH 148 6.23 1.31
II 147 17.11 8.26 4.23
JJ 146 14.61 6.12 3.07
KK 143 13.30 5.38 2.2
LL 139 21.14 8.94 7.19 6.74 3.28 1.68 1.91 7.04 3.96
MM 138 11.98 8.61
NN 135 16.11 2.14
ZZ 130 19.23 17.22 7.21 6.23 4.11 3.01 3.86
AC 120 12.11 8.47 3.02 2.19
A 116 6.14 6.10 2.16 2.1 2.08 2.01
AB 114 13.17 12.41
BC 109 16.66 4.18
B 108 3.26 3.08
C 107 11.86 4.68 2.24 2.1
D 106 13.18 9.2
E 105 1.61 1.20 0.84
F 104 3.86 2.60 1.26
G 101 11.90 3.23 1.34 1.76 1.16 1.12 0.86 0.71 1.84
H 98 17.13 6.04
I 97 13.16 9.28
J 96 12.14 3.43
K 95 12.28 7.19 3.02
L 94 16.19 13.68 2.71 1.14 2.13
MN 91 20.28 4.21 1.14 3.0 1.29 1.01 0.87 0.83 2.19
M 89 24.16 17.34 15.98 9.12 8.75 7.16 5.4 5.2 7.64
N 83 11.35 1.13 3.74
0 75 1.86
P 71 17.93
PP 68 13.23 3.28 3.18 1.14 1.11 1.10 0.84 0.77 2.10
Q 66 1.16
RR 63 8.26
R 60 3.16 142
SS 55 9.13 4.16
KT 51 1.23
S 49 7.92 3.09 2.24 1.09 3.13
T 37 4.1
TT 34 6.11 1.28 2.2







10. Comparison of photodensltometrlc tracings of salt soluble 
proteins in raw Blue crabmeat and Blue crabmeat processed 
for 5 minutes at varying temperatures.
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the processing temperature was Increased, (Table 8 and Fig. 11). 
Similar decreases have been shown in proteins extracted from bovine 
muscles (72), sheep, ox, horse (122) and avian (33).
The salt soluble fraction of Blue crab proteins contained more 
(P<.001) proteins (and of higher molecular weight range) than did the 
water soluble fraction (Table 3). The differences in concentration 
and molecular weights are explained by a large proportion of 
myofibrillar proteins in the salt soluble fraction. These proteins 
are known to make up as much as 75% of the total proteins in fish 
(24); and based on ultracentrifugal and electrophoretic analyses are 
of higher molecular weights than the sarcoplasmic fractions which are 
extractable with water or dilute buffers (15).
Although there were significant (P<.05) differences between the 
number of salt soluble proteins and water soluble proteins at 
corresponding temperatures; the salt soluble proteins depicted greater 
sensitivity to heat than did the water soluble proteins. At 706C, 
there were reductions of approximately 57% of the total amount of salt 
soluble proteins in the raw meat, on the other hand the concentration 
of water soluble protein was reduced by 13%.
These observations are supported by literature reports (44,140) 
indicating a greater heat sensitivity of myofibrillar proteins 
extracted from different species. Crespo and his coworkers (33) 
reported significant denaturation of myofibrillar proteins when avian 
muscles are heated to 50°C. Ham and Deatherage (53) also stated that 
salt soluble proteins extracted from bovine muscles are more sensitive 
to heat than are water soluble proteins.
The molecular weights and separation characteristics of the salt
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Table 8. Duncan multiple range scores for the mean Intensity value of 
the major salt soluble subunits.In raw and processed Blue 
crabmeat separated by SDS-PAGE.







KK 143 2° 1.6C lb oa 0a 0a 0a oa oa
ZZ 130 2C lb lb lb lb lb oa oa lb
A 116 2C lb lb lb lb oa oa oa lb
B 108 2C 1 0 0 0 0 0 0 0
C 107 lb lb oa lb 2C oa oa oa oa
D 106 2C 2° oa oa 0a oa oa oa oa
E 105 lb lb lb oa oa oa oa oa oa
F 104 3d lb lb oa 0a oa oa oa oa
G 101 2C 2C 2C b b b lb lb 2C
MN 91 4e 2° lb b b b lb b lb
M 89 4e 2° 2C b b b lb b lb
PP 68 4C 3d 2C lb lb lb lb b lb
UT 30 4e 2C 2C lb lb b lb b lb
^Crabmeat processed for 5 minutes.
2Band intensity relative to that of standard BSA using a sale from 0 
(not detectable) to 4 (Bright deep blue).
a’b ,c,d,eDifferent SUperscripts indicates differences of P<0.05 in 
subunits intensity within a row.
Raw 70°C 75°C 80°C 85°C 90°c 95°C 100°C STD
Figure 11. SDS-PAGE electrophoretograms of the salt soluble protein subunits of raw Blue crabmeat 
and Blue crabmeat processed for 5 minutes at varying temperatures.
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soluble proteins have allowed for tentative Identification of the 
specific proteins destroyed during processing. Comparison with values 
in the literature and molecular weights for myofibrillar components 
suggested that proteins MN-GG (Table 6) include a-actinin (58), 
B-actinin (22) and M-protein (51). Bands SS and KT (Table 6) are 
probably two tropomysins (58). The low intensity of these proteins 
shown in Table 6, and their destruction at 70 and 75°C substantiates 
the assumption that they are myofibrillar proteins (20).
Figure 12 shows a comparison of the water soluble and salt 
soluble proteins found in the meat and processing water after 
processing at 70°C. Even though a 57% reduction in salt soluble 
occurred at this temperature, neither new protein bands nor increased 
protein concentrations were apparent in the processing water. The 
same proteins were characterized regardless of whether a salt solution 
or water is used as extractant. This observation further supports the 
premise established earlier that salt soluble proteins are more 
thermally labile than water soluble proteins.
Increasing the processing temperature to 75°C causes a 67% 
decrease in the amount of salt soluble protein present compared to 
that present at 70°C. These reductions occurred even though 5 protein 
subunits in the salt soluble fraction were shown to be heat stable at 
all temperatures used. The reductions noted are in agreement with 
published reports by Huber et al. (64). These authors have noted a 
reduction in soluble myofibrillar protein to less than 10% of the 
original amount present when turkey breasts were heated to 85°C. The 
reductions in salt soluble proteins observed in this study are greater 






Figure 12. Comparison of water soluble proteins, salt soluble proteins, and processing water 
of Blue crabmeat processed at 70°C for 5 minutes. (WA = water soluble, SS = salt 
soluble, PW = processing water)
oo
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explained by differences in temperatures, kind of meat samples used, 
method of processing, and extraction procedures.
The influence of steam on the concentration of salt soluble 
proteins is shown in Table 6. Selective stability of some protein 
subunits, which were found to be unstable at other temperatures, was 
shown. Subunits HH, ZZ, A and L which are believed to be subunits of 
the actin group of proteins were stable during steam processing. 
Subunit HH was not present in meat samples processed above 70°C, while 
ZZ and A were not detectable at 95 and 90°C, respectively. Subunit L 
was not found in meat processed at 80°C. The selective destruction of 
these subunits at lower temperatures is probably influenced by factors 
such as pH and presence of minerals in the water, which enhance the 
effects of temperature and are significantly correlated to loss of 
salt soluble proteins (79).
Three subunits with molecular weights less than 95,000 daltons 
also showed selective stability. They are subunits L, S and TT 
(Table 6). Figure 13 shows the differences in electrophoresis 
patterns between water soluble and salt soluble proteins in meat 
processed at 100°C. There were two visible proteins in the water 
soluble fraction and five in the salt soluble fraction. However, only 
one visible protein could be extracted using salt solution from the 
water used in processing.
Two protein subunits, present In low concentration, were 
extractable by a salt solution from the 100°C processing water. These 
subunits had molecular weights of approximately 10,000 and 8,000 
daltons. Since these subunits were not present in the raw samples, 
their origin could be from depolymerization of proteins present in the
Figure 13
WS ss pw stiff
Comparison of water soluble proteins, salt soluble proteins, and processing water 
of Blue crabmeat processed at 100°C for 5 minutes. (WS = water soluble, SS = salt 
soluble, PW = processing water)
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meat or the shell of the crabs; however, this was not determined. In 
order for depolymerization to be the source, new proteins would have 
to be generated at 100°C in the meat. Since no new proteins were 
generated, this possibility is excluded. They are therefore believed 
to belong to one of the classes of proteins found in the cuticles of 
arthropods. Welinder (136) reported that the proteins in cuticle are 
separated in a water soluble class called arthropodin, and an 
insoluble called sclerotin. They are known to have molecular weights 
of 22,400 to less than 10,000 daltons (135).
MINERAL STUDY
Very few reports exist in the literature concerning the mineral 
content of Blue crabs. There is no study which investigates the 
changes in mineral content over temperature gradient, or the effect of 
these changes on proteins and other chemical parameters.
The quantitative distributions of selected minerals in the tissue 
of raw and processed Blue crabs are presented in Tables 9 and 10. All 
data were obtained and are presented on wet weight basis, regardless of 
slight variations in moisture content between the raw and processed 
samples. The mean moisture content for raw and processed samples are 
presented in Table 11.
The effects of processing time on the changes in moisture content 
(Table 11) were least variable between the steam processed samples (5 
and 10 minutes). Conversely, the largest percentage change in moisture 
content between any two samples was between the raw and steam processed 
samples.
Copper values found in Blue crab meat (Table 9) ranged from 0.60
Table 9. Concentration of selected mineralss in Blue crab meat processed at varying temperatures.
Element Raw 70 75 80 85 90 95 100 121*
------------------------------------------------mg/lOOg------------------------------------------
Copper 0.60 0.52 0.54 0.51 0.57 0.57 0.59 0.57 0.57
±0.18c ±.28 ±.20 ±.22 ±.18 ±.16 ±.18 ±.8 ±0.11
Calcium 58.6 63.2 63.78 69.4 70.66 74.3 82.1 86.1 91.4
±22.4 ±18.3 ±18.0 ±16.4 ±16.1 ±18.1 ±19.6 ±20.0 ±2.23
Magnesium 30.3 31.2 32.3 33.3 34.1 36.2 38.3 38.2 45.6
±2.3 ±1.8 ±3.1 ±2.6 ±2.8 ±3.1 ±4.3 ±3.2 ±3.86
Iron 0.79 0.78 0.78 0.77 0.78 0.81 0.81 0.82 0.82
±.26 ±.22 ±.20 ±.23 ±.19 ±.18 ±.18 ±.18 ±.22
Potassium 261.0 221.1 220.0 221.3 223.1 227.0 227.8 230.1 256.2
±24.0 ±20.8 ±18.3 ±17.4 ±16.8 ±16.0 ±18.1 ±20 ±24.2
Sodium 136.8 138.1 137.2 137.0 137.3 139.2 140.8 142.3 144.0
±16.4 ±10.4 ±14.3 ±14.0 ±21.3 ±22.1 ±18.6 ±11.2 ±18.2
Zinc 2.8 2.83 2.81 2.69 2.73 2.77 2.71 2.77 2.84
±.18 ±.16 ±.12 ±.13 ±.13 ±.13 ±.17 ±.18 ±.16
Phosphorous 223.6 217.4 217.0 209.0 201.0 196.3 198.6 194.7 200.0
±22.3 ±19.6 ±19.8 ±20.1 ±14.2 ±12.1 ±9.3 ±9.6 ±11.2
Samples processed for 5 minutes. 
Samples processed in steam.
QStandard deviation.
Table 10. Concentration of selected minerals in Blue crab meat processed at varying temperatures.
Element Raw 70 75 80 85 90 95 100 121
Copper 0.60 0.51 0.61
— mg/iUUg—  
0.61 0.61 0.6 0.58 0.58 0.60
±.18c ±.23 ±.25 ±.22 ±.21 ±.16 ±.18 ±.57 ±.13
Calcium 58.6 68.3 68.8 71.0 74.6 81.3 90.8 101.4 144.6
±22.4 ±19.1 ±17.4 ±13.6 ±13.3 ±12.1 ±17.1 ±18.1 ±21.1
Magnesium 30.3 34.6 34.8 36.7 37.0 39.2 42.1 44.3 53.2
±2.3 ±2.1 ±1.2 ±1.3 ±2.0 ±2.1 ±2.6 ±2.6 ±3.1
Iron 0.78 0.73 0.74 0.74 0.75 0.77 0.80 0.82 0.80
±.26 ±.26 ±2.1 ±.18 ±.13 ±.17 ±.18 ±.18 ±.23
Potassium 261.3 240.1 241.0 240.0 243.0 249.0 251.7 266.3 284.8
±24.0 ±20.2 ±19.6 ±20.3 ±21.1 ±19.1 ±18.4 ±18.8 ±21.6
Sodium 136.0 137.3 137.9 139.0 141.0 142.0 144.8 150.2 171.4
±16.4 ±11.4 ±12.3 ±9.8 ±9.3 ±8.1 ±8.3 ±9.4 ±11.3
Zinc 2.87 2.8 2.78 2.78 2.74 2.70 2.70 2.70 2.92
±.18 ±.14 ±.15 ±.12 ±.13 ±.11 ±.11 ±.19 ±.18
Phosphorous 208.1 200.2 200.2 199.3 199.0 194.0 194.3 186.4 186.9
±22.3 ±20.1 ±17.4 ±16.6 ±8.6 ±11.3 ±13.6 ±9.9 ±14.1
g Samples processed for 5 minutes.
^Samples processed in steam, 
cStandard deviation.
Table 11. Mean moisture content and standard deviation of raw Blue
crabmeat and Blue crab meat processed at varying
temperatures.
Moisture Content (%)










mg/100 g in the fresh meat to 0.57 mg/100 g in the meat steamed for 10 
minutes. The concentration of this element was the lowest of all
divalent cationic elements found. Statistical analysis by the Duncan's 
multiple range test showed that there was no significant differences In 
the retention values (P<0.05) or (P<,01) for copper among any of the 
treatment combinations investigated. These values are slightly lower 
than the values reported for boiled and pasteurized crab meat.
Calcium values varied from 58.60 mg/100 g in the raw meat to 144.6 
mg/100 g in the meat steamed for 10 minutes, (Table 10). These
differences were found to be of significantly different (P<.001) and 
represent increases of approximately 247%. The increased retention 
observed produced a positive linear relationship between calcium 
retention and processing temperature. This relationship is described 
by the regression equation y = 60.2633 + 0.1338 x X; (where X, the
independent variable, symbolizes the respective temperature). The
75
increase in calcium values over 100% of the raw meat for all 
experimental units may be explained by a breakdown of shell components, 
resulting in a transfer of calcium and/or calcium based compounds to the 
meat. This is in support of reports by Welinder (136) that the mineral 
content of the cuticle of most species of crab range from 59.4% to 
87.2%; with calcium being the major component; and is transferred to 
the meat during thermal processing.
Sidwell et al. (116) reported calcium values in fresh and frozen 
Blue crabs to be 71-133 mg/100 g. The variation is explained by 
compositional differences in marine species due to physiological, 
seasonal and environmental influences (117). On the other hand, Nelson 
and Thurston (98) have stated that in the case of Dungeness crab,
differences between individual crabs were greater than differences 
between crabs from different areas or from different seasons. It is 
important to note that this latter observation still supports the
principle idea that there are compositional differences among crabs.
Significant correlation (P .05) was shown between calcium retention 
and changes in electrophoretic characteristics (number of bands) of Blue 
crab proteins. This correlation supports the conclusion of Buttkus 
(15) that calcium and magnesium ions; because of their ability to form 
ionic cross-linkages and induce protein conformations, and thus affect 
protein extraction. This theory substantiates the observation made 
earlier that the changes in the electrophoretic patterns resulting from
changes in processing temperature were not entirely due to
denaturation, but rather to leaching and other factors which caused 
reduction in extractability of some water soluble proteins.
Although sensory analyses were not alone, consistent increases in
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the textural and color characteristics of the meat was observed; and 
were consistent with Increases In mineral content. This observation 
was made while picking the meat from the processed crab. The firmness 
of the meat improved consistently with each temperature increment. 
Meat samples processed below 90°C for 5 minutes (and 80°C for 10
minutes) were found to be mushy. However, there were significant 
improvements in the firmness above this temperature, and especially 
noticeable in the steamed samples.
The concentration of magnesium found in raw crab meat samples were 
in the range reported in the literature (12-38 mg/10 g) by Sidwell et 
al. (117). There were significant differences at the 1% level in the 
retention values between raw and processed meat. The increased 
concentration of magnesium with each temperature and time increment 
shows that magnesium from an indigenous source such as the cuticle, 
became a component of the meat during thermal processing. Lopez and his 
co-workers (80) showed a decline in the retention of magnesium in
crabmeat boiled for 10 minutes. Their results differ from those
observed in this study. Processing for 5 minutes at 70°C produced an
increase of 2.8% while 10 minutes processing at the same temperature 
produced at 14% increase.
The changes in the physical characteristics of the processed meat 
observed during picking of the meat may be due to the increases of 
calcium and magnesium ions as illustrated in Figure 15. Processing in 
steam for 5 minutes resulted in calcium and magnesium levels, 156 and 
150% above the raw sample levels. And for the 10 minute processing 
interval, these values were 247% and 175%, respectively. Calcium and 
magnesium salts are known to effect changes in color and firmness of
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fish extensively (36). Desrosler (36) reported that amounts of 1% 
calcium or magnesium salts resulted in whitening and stiffening of fish 
muscle.
Table 12 gives the concentration of Individual elements in water 
samples taken before the crabs were processed, and samples taken after 
processing. Calcium, magnesium, sodium, phosphorous, copper and 
potassium concentrations were higher in the processing water than the 
sample taken before processing. Iron and zinc were too low to be 
detected. The high concentration of copper found in the water (at 70°C) 
is believed to be due to the leaching of hemolymph to the water during 
processing (Hemocyanin was found in the water at this temperature-wili 
be discussed in hemolymph study).
Table 12. Concentration of selected minerals in processing water 
taken before and after processing.


























Figure 14. Influence of temperature on changes in the concentration of 
calcium and magnesium in Blue crabmeat processed for 5 
minutes.
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FUNCTIONAL GROUPS STUDY - ACIDIC-BASIC
The results of the measurement of total acidic and basic groups 
present In the meat of Blue crabs are presented In Tables 13.
Table 13. Influence of processing temperature and time on acidic and
basic groups in Blue crab proteins.
Temperature Basic 
5 Min.a 10 Mln.a 5 Min.a
Acidic
10 Min.a
0 10±l.lb 1011.1 1311.3 1311.3
70 1010.76 1110.8 1311.11 1211.8
75 1110.83 1110.80 1210.8 1210.8
80 1111.2 1210.86 10±1.3<- 1011.6
85 1211.6 1211.4 910.77 910.84
90 1311.3 1311.3 511.2 410.93
95 1411.0 1411.0 411.4 410.90
100 1610.75 1610.77 310.76 310.7
121 1310.86 1310.8 711.6 711.4
Processing time
meq./lO g protein.
Milliequivalents of 1011.1 to 16±0.75 were obtained for basic 
groups. The values obtained in the raw meat are lower than values 
reported by Greenstein (51) for myosin. The differences might be 
explained by variations in sampling procedures. Also, several other 
sarcoplasmic and myofibrillar proteins involved in this study contained 
more or less basic groups than pure myosin. Values of 13±1.3 Meq. of
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acidic groups per 10 g protein in raw Blue crab meat are in close 
agreement with values obtained for aged beef muscles (53).
Figure 16 shows the change in acidic and basic groups in relation 
to temperature. There were no changes in numbers of acidic groups 
between the raw meat and meat processes at 70°C. A similar situation 
existed for basic groups. No significant relationship was found 
between changes in water soluble protein present in the raw meat and 
concentrations found in meats processed at 70°C. However, a 
significant relationship (P<,05) was found between salt soluble 
proteins present in the raw meat and quantities found after processing 
at 70cC. This gives support to the hypothesis that salt soluble 
proteins, which contain mostly myofibrillar proteins are more heat 
sensitive than water soluble or sarcoplasmic proteins (72).
At 75°C there was loss of acidic groups which progressed gradually 
up to 85°C (Table 13). However, at 90°C there was approximately 62% 
loss of the amount present in the raw sample. This trend continued 
through processing at 100°C where approximately 77% was lost. 
Processing in steam (121°C) however, caused a decrease of 47% of the 
quantities present in the raw sample.
The changes observed in acidic groups in this study were negatively 
correlated (r= -0.6401) with the pH of the processed tissue shown in 
Fig. 18, This data supports literature reports which indicated that 
changes in heated beef muscles are caused by a stepwise decrease of 
carboxyl groups (53).
The changes in basic groups show a progressive increase in the 
total number of Meq. between 758C and 100*0 (Table 13). An average of 
























70 80 90 100
Figure 15. Influence of processing temperature on changes in Acidic and 
Basic groups of Blue crabmeat proteins processed for 5 
minutes.
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The electrophoresis patterns of the water soluble and salt soluble 
proteins shown In Figures 8 and 11, are in close agreement with the 
overall changes in acidic and basic groups. The least changes in the 
patterns are between the raw meats and those processed at 70°C, which 
also coincided with least changes in acidic and basic groups. On the 
other hand, the most obvious changes in electrophoretic patterns of 
water soluble and salt soluble patterns were recorded between the raw 
samples and those processed at 100°C. Maximum changes in acidic and 
basic groups were also observed between these samples.
Analysis of the processing water revealed functional group values 
ranging from 4°1.2 to 1.8°0.71 for Meq, of basic groups and 3°0.94 to 
0.6°.13 Meq. for acidic groups (Table 14). The maximum number of 
equivalent for acidic and basic groups were found in the processing 
water at 70<>C. Since very little change was observed in sarcoplasmic 
proteins at this temperature, it is believed that the majority of these 
groups are contributed by denaturation of the salt soluble proteins 
(18). As was observed in the processed meat samples, change in pH of 
processing water were influenced by increases in basic groups and 
decreases in acidic groups (Table 14).
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Table 14. Influence of processing temperature and time on the acidic 
and basic groups in Blue crab processing water.
Temperature Basic Acidicc a in a „ a ,,5 Min.a 10 Min.a 5 Min.a 10 Min.3
70 4±1.2b 411.3 310.94 310.90
75 2.810.86 2.811.0 110.26 110.30
80 2.610.41 2.610.4 110.31 110.31
85 2.110.2 2.110.26 110.31 0.931.20
90 2.110.24 2.110.23 0.901.21 10901.21
95 2.010.6 2.010.6 0.761.14 0.761.20
100 1.8010.71 1.8010.71 10.601.11 10.611.11
Processing time. 
bMeq./10 g protein 
SULFHYDRYL GROUPS
The concentrations of sulfhydryl groups found in Blue crab meat 
vary from 0.6 to 3.3 mol/g protein and was found to have significant 
(P<.001) relationships with changes in the electrophoresis patterns of 
the salt soluble proteins shown in Figures 11 and 12. There were no 
significant differences in the amounts of sulfhydryl groups found 
between 5 or 10 minutes processing. There was correlation coefficient 
of r= 0.4858 between the amounts found in the processed samples. The 
mean concentrations with respect to temperatures are presented in 
Table 15.
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Table 15. Influence of temperature on the concentration of sulfhydryl 
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Processing time 5 minutes. 
b mmol/g protein
As shown in Table 15, at 70°C there was an increase of 53% in 
sulfhydryl groups above the quantities present in the raw sample. The 
change in sulfhydryl groups between these samples is in agreement with 
changes in protein concentration and electrophoretic pattern shown in 
Table 6 and Figure 11. Several authors (41,61,93,100) have reported 
that increases in reactive and total sulfhydryl groups when proteins 
are heated are due to denaturation of the proteins. Mirsky (93) 
observed that acid, alkali and alcohol have similar effect on protein 
sulfhydryl groups as that reported for heat.
Concentrations in the meat processed at 75°C showed an increase 
of 19.5% above the amount present at 70. There was however, an 
increase of 181% at 80°C above the amount present at 75cC. This 
increase represents the greatest increase in sulfhydryl groups between
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any two processed samples. Above these temperatures, the Increases 
were moderate. The changes In concentration observed in this study 
are In support of literature reports which suggest that the
availability of sulfhydryl groups for measurements are due to changes 
in protein structure (78). These changes caused exposure of the 
groups in relation to degree of change in the structures (77).
The correlation coefficients between pH and sulfhydryl groups
were r *= 0.7605. This coefficient was significant at (P<0.01). This
is in support of literature reports by Mirsky (93) who reported that 
the number of protein sulfhydryl groups in minced frog and rabbit
muscles increases as the pH rises.
Analyses of the water used in processing (Table 15) revealed a 
decreasing trend in sulfhydryl groups between 70°C and 80°C. Above 
80°C, no sulfhydryl was found. This is in contrast to the trend 
observed in the meat where pH increases in accordance with sulfhydryl 
groups; even though sulfhydryl groups are not expected to cause an 
Increase in pH. This phenomenon of not being able to measure 
sulfhydryl groups even though they were expected to be present, might 
be explained by pertinent literature reports. These reports (39,51) 
contend that upon heating sulfhydryl groups can be buried in the 
protein structures, thereby unavailable for reaction with compounds 
used in their estimation.
AMINO ACID STUDY
The proportion of amino acids found in Blue crabs are presented in 
Table 16. The values obtained for the raw samples are in close 
agreement with literature reports for the same amino acids (71).
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Based on quantities found, alanine, arginine, aspartic acid, 
glycine and glutamic acid were the predominant amino acids found in the 
raw tissue. Similar observation was reported by Nelson (98). This 
author reported that glutamic acid, arginine and glycine are the major 
amino acids in the skeletal muscles of Dungeness crab.
Processing Blue crabs (70°C-121°C) caused reductions in the content 
of all amino acids found in the raw samples. The reductions were 
similar in trend to that of salt soluble and water soluble protein; in 
that, losses of these proteins increased with processing temperature.
The effect of steam on the depletion of amino acid was consistent 
with earlier observations where steam caused less protein denaturation 
than processing in water above 80°C. These results support published 
work by Patrick et al. (100). These authors reported that heating milk 
caused over 15% reductions in amino acids. Some of the losses are 
presumed to be caused by volatization of the amino acids.
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Table 16. Amino acid composition of raw and processed Blue crabmeat.
Processing temperature
Amino Acid Raw 70 75 80 85 90 95 100 121
Alanine 0.43C 0.46 0.41 0.32 0.28 0.27 0.28 0.26 0.36
Arginine 2.35 2.11 1.87 1.80 1.67 0.98 0.93 0.90 1.63
Aspartic acid 0.71 0.63 0.57 0.52 0.34 0.31 0.27 0.23 0.48
Glutamic acid 0.83 0.78 0.66 0.42 0.37 0.32 0.28 0.27 0.44
Glycine 6.64 3.64 3.13 2.74 2.61 2.34 1.86 1.82 2.74
Histidine 0.24 0.18 0.13 0.13 0.12 0.05 0.04 0.05 0.12
Isoleucine 0.30 0.24 0.16 0.13 0.18 0.13 0.09 0.08 0.13
Leucine 0.21 0.20 0.16 0.13 0.13 0.11 0.07 0.07 0.11
Lysine 0.63 0.61 0.58 0.51 0.48 0.32 0.27 0.28 0.53
Methionine 0.32 0.29 0.26 0.21 0.18 0.18 0.14 0.14 0.21
Phenylaline 0.30 0.18 0.16 0.13 0.14 0.11 0.06 0.06 0.16
Proline 0.41 0.40 0.32 0.28 0.19 0.18 0.17 0.13 0.21
Serine 0.37 0.33 0.31 0.29 0.30 0.26 0.21 0.20 0.29
Ammonia 0.32 0.21 0.16 0.12 0.10 0.08 0.06 0.03 0.12
Threonine 0.52 0.44 0.36 0.28 0.18 0.13 0.09 0.09 0.29
Tyrosine 0.28 0.16 0.11 0.12 0.09 0.06 0.04 0.03 0.09
Valine 0.35 0.33 0.27 0.18 0.18 0.12 0.09 0.08 0.18
gProcessing time 5 minutes
^Temperature °C 
c
mg/g tissue (wet weight).
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Hemolymph Study
Quantitative distribution of selected minerals in the serum of 
Blue crab was determined by atomic absorption spectroscopy; and are 
presented in Table 17.
Table 17. Mean concentration of selected minerals in fresh Blue crab 
serum.










The values obtained for all elements except copper was less than 
quantities found in the raw and processed meat.
The concentration of copper found in the serum was approximately 
eight times greater than concentration found in meat obtained from 
crabs whose hemolymph was not removed before analysis. The 
concentration of copper has Important technological implications since 
researchers (14,67) have indicated that the presence of copper in the 
hemolymph of arthropods predisposes these animals to discoloration 
during thermal processing. The copper found in hemolymph of
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arthropods is known to be complexed with protein and is known as 
hemocyanin (50). This complex is reported to be a significant 
contributor to blue discoloration in processed Blue crabs (14).
Characterization by molecular weights of water soluble and salt 
soluble proteins (also hemocyanin) in Blue crab hemolymph are 
presented in Table 18.
Table 18. Protein composition and copper content of Blue crab 
hemolymph.








1 30 a 0.87b - -
2 37 - 2.3 - -
3 42 - 1.6 - -
4* 58 4.3 7.6 . 16C .18
5 66 2.7 - - -
6* 71 11.2 16.5 .04 .07
7 75 2.6 - - -
8* 95 1.4 1.3 .07 .02
9 106 - 1.1 - -
10 108 - 1.3 - -
11
Stz--:---: 114 0.91 - -No band present 
bpg protein/mg total protein 
Ug/mg total protein.
*Hemocyanins
Five proteins were present in the water soluble fraction with 
molecular weights ranged from 58,000 to 95,000 daltons. However, nine
90
proteins were found in the salt soluble fraction. These proteins were 
of molecular weights 30,000 to 114,000 daltons.
Hemocyanin found in Blue crab hemolymph had molecular weights of
103 103 103 58 x , 71 x and 95 x daltons (Table 18). They were soluble
in both water and salt solution. The major hemocyanin had molecular 
103weight of 58 x . This protein had 56-62% of the total copper 
content of the hemolymph. It is shown in Fig. 17, as a large dark 
band.
Analysis of the water in which crabs were processed revealed that 
at 70°C processing hemolymph was not completely coagulated since 
subunit #4 (Table 18) was found present in the water. It was not 
possible to make pictures of this subunit since the tetrazolium stain 
was found to be unstable on the water samples. The presence of this 
subunit in the water at 70°C explains the high concentration of copper 
in the water (Table 18) at this temperature. Above 706C for five 
minutes hemocyanin subunits could not be characterized and is believed 
to be coagulated at the higher temperatures.
The presence of hemocyanin and copper in the water at low 
temperatures (70°C) might be of technological importance; since loss 
of copper from the animals should reduce the tendency of discoloration 
during processing (39). 
pH WATER-HOLDING CAPACITY STUDY
Measurement of the pH of Blue crab meat showed values ranged from 
7.1±0.1 for the raw meat to 8.41±0.01 for meat processed at 100°C in 
water. While values for steam processed samples were 7.93±0.03.
There were no significant differences between samples processed for 
5 or 10 minutes at similar temperatures (alpha = 0.01 or 0.05). The
ws ss sia
Figure 16, Electrophoretogram showing water soluble and salt soluble hemocyanins 






















Influence of processing temperature on the pH of Blue crabmeat and processing water.
N>
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values obtained in this study for the raw samples, are in agreement with 
those reported by Hanover et al. (56). These authors reported pH 
values of 7.0-7.2 for raw Blue crab meat. The values for raw Blue crab 
meat were found to be higher than published reports for other animals. 
Amr (4) reported values of 5.78 for raw crawfish tail-meat. Values for 
fish ranged from 5.78-6.4 (30) and 5.5 for beef (53).
Processing temperature were found to significantly influence (P
0.05) the pH of the processed meat as well as the water in which the 
crabs were processed (Fig. 18). Correlation coefficients of r= 0.7604 
and r= -0.6401 were found between changes in pH and basic and acidic 
groups. These coefficients were significant at (P<0.05). These 
coefficients further emphasize the detrimental effect of processing 
Blue crab at elevated temperatures in water.
Increase in pH values corresponded to decreases in salt soluble and 
water soluble proteins. Similar relationships were observed by other 
authors (4,5) and were interpreted as an increase in free fatty 
acid-protein complexes. These complexes are known to be especially 
prominent in salt soluble proteins which enhance protein denaturation, 
leading to in-extractability of the proteins.
Comparison of the electrophoresis patterns illustrated in Figures 
8 and 11 and the pH value shown in Table 19 showed that the smallest 
change in both the pH (0.39 units) and electrophoretic pattern was 
between the raw sample and meat processed at 706C. Similar trends were 
shown up to 100°C, at which temperature the maximum change (1.3) 
between the raw sample and processed samples was observed.
These changes corresponded to the changes observed in the 
electrophoretic patterns shown in Figures 8,11,12.
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Differences found between the pH of the steam processed samples 
(121°C) and samples processed in water (Table 19), were approximately 
the same as those between the raw samples and samples processed in 
water at 80°C. These values coincided with the concentrations of 
acidic and basic groups found at the respective temperatures. These 
observations demonstrate that less denaturation of proteins occurs 
while processing in steam as compared to processing in water for
Table 19. The influence of temperature on the pH of Blue crab meat 
processed for 5 min. and processing water.
Processing Temperature
pH










*Means with same letter are not significant at the 0,05 level.
equivalent times. The difference in denaturation effect might be 
caused by several chemical factors, such as, ionic conditions. These 
ionic conditions are in contact with the meat while being processed in 
water, and thus Induce the conformation and denaturation of proteins.
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WATER RETENTION CAPACITY
The water retention capacity of Blue crab proteins was found to be 
dependent on pH and processing temperatures as shown in Figures 18 and
19. The decline in water retention with each temperature increment 
(except in steam) has been explained by different authors (25,53). The 
authors agree that myofibrillar proteins are largely responsible for 
muscles' water holding capacity which influences tissue tenderness and 
regulates quality characteristics of the cooked meat products (114). 
This was shown to be the case in this study, since salt soluble 
proteins (which is composed of myofibrillar proteins) were found to be 
the most heat sensitive (Table 6).
Processing Blue crabs at 70°C caused the proteins to lose 20% of 
their capacity to retain water, as compared to the raw samples; even 
though there were only minimal changes in equivalents of acidic groups 
and no change in basic groups at this temperature (Table 13). Thus the 
loss of water holding capacity in the range of temperature used in this 
study is not due to an increase in basic groups, but rather, a decrease 
in acidic groups; with a resultant increase in pH.
There were no changes in water holding capacity between 75 and 
80°C, which also coincide with the absence of significant changes in 
basic groups and decreases in acidic equivalents. Above these 
temperatures, there were progressive Increases in total basic groups and 
decreases in acidic groups, resulting in decreases in the water 
retention capacity.
Some authors (52,48) have found that beef muscle proteins do not 
lose their ability to retain water at pH's less than 3. This is 
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present which cause an Increase in the amount of charged groups
available to bind water dipoles. Somp authors (53), believed that at 
high pH, where basic groups dominate, there is electrostatic repulsion 
between the peptidl chains, causing a tighter network of protein
structure and lower water holding capacity. These authors also believe 
that at low pH, a negative protein charge will disrupt salt cross
linkages, thereby enhancing a loosening of protein structure and
increased water holding capacity (140).
SUMMARY AND CONCLUSIONS
The objectives of this study were to separate, detect and 
characterize the proteins in Blue crabs during processing; while 
attempting to study pertinent mechanisms.
Results showed that SDS-PAGE was very effective in separating and 
characterizing water soluble and salt soluble proteins in Blue crab. 
Approximately 30 proteins were found in the water soluble fraction and 
45 in the salt soluble fraction. Salt soluble proteins were found to 
have higher molecular weight ranges than the water soluble proteins.
Processing Blue crabs at elevated temperatures caused significant 
(P<0.01) reductions in water soluble and salt soluble proteins 
(P<0.01). Processing temperatures of 70°C for 5 or 10 minutes caused 
depletion of 95% of the water soluble proteins with molecular weights 
less than 80,000 daltons. Processing above 70°C for 5 or 10 minutes 
(in water) decreased the water soluble protein content of the meat by 
as much as 90%, Over 95% of these proteins were recovered from the 
water used during processing.
Salt soluble proteins depicted greater heat sensitivity over the 
range of temperatures studied than water soluble proteins. However, 
there were five salt soluble proteins (M.W. 139xl03, 91xl03, 89xl03, 
68xl03, 30xl03) that were heat resistant at all temperatures
investigated compared to one (M.W. 89xl03) in the water soluble
fraction.
Mineral analyses showed that changes in the mineral concentration 
patterns were dependent upon the individual minerals over the
98
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temperature range studied. Copper values ranged from 0.06 mg/100 g In 
the fresh to 0.57 mg/100 g in the steamed meat. However, there was 
significant increase in the concentration of this element in the 
processing water at 70°C compared to tap water. This increase was 
believed to be due to the migration of hemolymph to the processing 
water.
Calcium values were found to increase by as much as 247% in 
processed samples over the raw samples. The increased values produced 
a positive relationship with processing temperature, described by the 
equation y= 60.2633 + 0.1338x. These increases were found to have 
significant correlation coefficient with changes in electrophoretic 
patterns. The correlation is probably due to protein conformations
induced by the high concentration of calcium ions.
The basic and sulfhydryl group content of the meat was found to
have positive correlations with pH changes. Acidic groups showed
negative coefficients. These changes in functional groups coincided 
with changes in protein extractability and electrophoretic patterns.
The water holding capacity of Blue crab protein decreased with 
increase in processing temperature. The decreases are due to losses 
of water soluble and salt soluble proteins. Protein losses were due 
both to leaching and heat denaturation.
Data obtained from hemolymph study showed that copper, calcium, 
magnesium, sodium, potassium and phosphorous occurred in significant 
quantities.
The copper concentration found in the hemolymph was eight times 
the amount found in the meat. Approximately 95% of the copper in the 
hemolymph was associated with the salt soluble hemocyanins. Molecular
100
weights of the hemocyanins were 58,000, 71,000 and 95,000 daltons. 
Hemocyanin of M.W. 58,000 was found to be leached into the water while 
processing at 70°C. This is believed to be responsible for the 
increase of copper content found in the water at this temperature.
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